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CHAPTER 1 
INTRODUCTION, AIM AND OUTLINE OF THE STUDY 
J. R. M. CRUYSBERG 
Chapter 1 Introduction 
INTRODUCTION 
Hereditary metabolic diseases usually have a progressive course, and produce various 
complications if not diagnosed and treated at an early age Early and correct diagnosis is there-
fore important for patients who suffer from these disorders 
Metabolic diseases often manifest themselves in tissues of the eye, some of which may 
cause abnormalities of the crystalline lens. These lens abnormalities may include alterations in 
transparency, position, and shape, and may subsequently result in alterations of vision, 
refraction, accommodation, intraocular pressure, etc. Mild abnormalities of the crystalline lens 
may reflect senous metabolic illness at an early age 
In clinical practice, however, the aetiology of a lens abnormality, e.g., cataract, is often 
unknown, incorrect or incomplete.l Menn and Crawford established a causative factor in 68% 
of 386 cases of congenital cataract 2 Others reporting smaller senes set the figure at 25% to 
50%.3 8 
Metabolic diseases may be undiagnosed, misdiagnosed, or diagnosed at a late age when the 
patient has irreversible damage.9 A number of metabolic diseases may be diagnosed from 
routine screening programs. However, in the majority of metabolic diseases, an early diagnosis 
is only possible if sufficiently characteristic clinical signs and symptoms have alerted the 
clinician to the possibility of a metabolic disease Furthermore, a biochemical diagnosis is only 
possible if appropriate biochemical examinations have been performed to establish the 
diagnosis. 
The crystalline lens has three properties that makes it an ideal tool to trace a hereditary 
metabolic disease at a young age: 
1. The crystalline lens appears unusually vulnerable to a variety of genetic and metabolic 
defects. There have been many published reports of clinical lens abnormalities whose metabolic 
bases have been demonstrated and of others whose metabolic bases, although not 
demonstrated, are likely. 
2. The lens is an exceptional organ in that the cells formed during its development are 
normally not destroyed or replaced The earliest cells are in the centre, and the fibres formed 
later are superimposed The time at which the different layers form is known from histological 
and slit-lamp examinations Therefore, any opacity occurring within the lens from the earliest 
weeks of the embryo to the last days of post-natal life can be localised in time. 
3. Abnormal microscopic sections of the lens are visible "in vivo" with slit-lamp 
examination as part of standard ophthalmologic examination in everyday practice. 
AIM OF THE STUDY 
It is the purpose of this study to find clinical characteristics of the crystalline lens, either 
separately or in combination with ocular or systemic manifestations, that can help in the early 
10 
Chipler 1 Introduction 
diagnosis of the underlying disorders or causative hereditary metabolic diseases 
OUTLINE OF THE STUDY 
A clinical analysis of the anomalies of the lens involving its transparency (cataract), position 
(ectopia lentis), absence (aphakia), or shape (coloboma lentis, lenticonus, microspherophakia) 
was performed, together with an evaluation of their relationship to other ocular or systemic 
disorders, in order to find the key points for the diagnosis or differential diagnosis of 
underlying systemic disorders Special emphasis is put on those lens anomalies which (either 
alone or in combination) normally should raise suspicion of a hereditary metabolic disease 
Although a biochemical confirmation of the diagnosis is necessary in many cases, this study 
will not cover the extensive biochemical aspects of lens disorders and metabolic diseases 
Therapeutic aspects of lens disorders are not included, although they are of utmost importance 
to the patient io-i5 
The first part of this study surveys essential clinical data pertaining to the lens, the eye, and 
the whole body 
The second part contains studies of specific diseases with cataract The features of a 
metabolic disease characterised by congenital cataract and hypertrophic cardiomyopathy are 
presented i6 Experience has shown that the disease is often either undiagnosed or 
misdiagnosed There are few reports in the ophthalmic literature about this disease 17 In view 
of these facts, a thorough discussion of the ocular and systemic features is undertaken so that 
the disorder can be diagnosed when the patient is seen by the ophthalmologist This is 
considered of importance because congenital cataract is a major sign of disease Also studied 
are patients with cerebrotendinous xanthomatosis, a metabolic disorder associated with 
cataract 18 We doubted whether the metabolic disorder is as rare as has been stated in the 
literature, and searched for an ophthalmological role in early diagnosis and treatment of this 
disabling disease 
In the third part, specific diseases with ectopia lentis were studied, 1 e , homocystinuna, 
Marian's syndrome, and ectopia lentis et pupillae syndrome Homocystinuna is a well-known 
metabolic disease which presents with ectopia lentis However, the disease is frequently 
misdiagnosed 19 By studying the ocular features of a large number of cases, we hoped to find 
more precise ocular characteristics of the disease, so that it can be diagnosed and treated before 
severe systemic complications occur 
In the fourth part of the study is a discussion of the diagnostic value of some specific lens 
symptoms and their use in detecting metabolic and hereditary disease This is based on an 
investigation of more than 400 patients with ectopia lentis and 750 patients with early onset 
cataract. 
11 
Chapter 1 · Introduction 
REFERENCES 
1. Heitbnnk M, Cruysberg JRM, Pinckers A. Congenitaal cataract; een retrospectief 
patientenonderzoek. Nijmegen: Instituut voor Oogheelkunde, 1985: 1-91. 
2. Мепп S, Crawford JS. The etiology of congenital cataracts: a survey of 386 cases. Can J 
Ophthalmol 1971; 6: 178-82. 
3. Verrey F. Ueber Cataracta congenita. Ophthalmologica 1957; 133: 302-9. 
4. François J Congenital cataracts. Assen, the Netherlands: Royal van Gorcum, 1963: 627. 
5. Harley JD, Hertzberg R. Aetiology of cataracts in childhood. Lancet 1965; i: 1084-6. 
6. Fraser GR, Friedmann ΑΙ. The causes of blindness in childhood. Baltimore: Johns 
Hopkins, 1967. 
7. Hull D. Cataracts associated with metabolic disorders in infancy. Proc Roy Soc Med 
1969; 62· 694-6. 
8. Jain IS, Pillay P, Gangwar DN, Dhir SP, Kaul VK Congenital cataract: etiology and 
morphology. J Pediatr Ophthalmol Strabismus 1983; 20: 238-42. 
9. Schoonderwaldt HC, Boers GHJ, Cruysberg JRM, Schulte BPM, Sloof JL, Thyssen 
HOM. Neurological manifestations in homocystinuna. Clin Neurol Neurosurg 1981; 83: 
153-62. 
10. Jacobson SG, Mohindra I, Held R. Development of visual acuity in infants with 
congenital cataracts. Br J Ophthalmol 1981; 65: 727-35. 
11. Rogers GL, Tishler CL, Tsou BH, Hertle RW, Fellows RR. Visual acuities in infants 
with congenital cataracts operated on prior to six months of age. Arch Ophthalmol 1981; 
99: 999-1003 
12. Gelbart SS, Hoyt CS, Jastrebski G, Marg E. Long-term visual results in bilateral 
congenital cataracts. Am J Ophthalmol 1982; 93. 615-21. 
13. Ben-Esra D, Paez JH. Congenital cataract and intraocular lenses. Am J Ophthalmol 1983; 
96:311-14. 
14. Cruysberg JRM, Deutman AF. Evaluation of lens removal in patients with ectopia lentis. 
Int Ophthalmol 1988; 12. 256. 
15. Plager DA, Parks MM, Helveston EM, Ellis FD Surgical treatment of subluxated lenses 
in children. Ophthalmology 1992; 99· 1018-23. 
16. Sengers RCA, Ter Haar BGA, Tnjbels JMF, Willems JH, Daniels O, Stadhouders AM. 
Congenital cataract and mitochondrial myopathy of skeletal and heart muscle associated 
with lactic acidosis after exercise. J Pediatr 1975; 86: 873-80. 
17. Cruysberg JRM, Sengers RCA, Pinckers A. Een nieuw syndroom met congenitaal 
cataract. Ned Tijdschr Geneeskd 1986; 130: 2146 
18 van Bogaert L, Scherer HJ, Epstein E. Une forme cérébrale de la cholesténnose générali-
sée. Pans: Masson, 1937: 1-53 
19. Cruysberg JRM, Boers GHJ, Pinckers A, Schoonderwaldt HC. Homocystinuna, a 
frequently missed diagnosis? Ophthalmologica 1984; 188' 189-90. 
12 
CHAPTER 2 
THE NORMAL AND ABNORMAL LENS 
J. R. M. CRUYSBERG, M.D., AND A. PINCKERS, M.D. 
Chapter 2 The normal and abnormal lens 
INTRODUCTION 
The crystalline lens has seven specific properties: 1. it is a completely transparent cellular tissue, 
2 it is an avascular tissue; 3. it has no innervation, 4 it derives nutrition from surrounding 
humours (aqueous and vitreous), 5 it can alter its shape quickly; 6 it contains the highest 
protein content of any body tissue; and 7. it does not destroy or replace cells formed dunng its 
development. 
For a better understanding of the subject matter of this study, some basic aspects of the 
normal and abnormal lens are briefly described. 
THE NORMAL LENS 
Embryology 
The lens is derived from the surface ectoderm A schematic presentation of lens embryology is 
provided by Olson [1985]. The optic vesicle influences the surface ectoderm causing it to 
thicken and form the lens placode near the end of the fourth week of gestation The lens placode 
invaginates and forms the lens vesicle during the fifth week of gestation. During the 
invagination process, the apices of the epithelial cells tum inward so that the epithelium is 
enclosed within its basement membrane. Next, the cells elongate with the posterior cells 
reaching the apices of the anterior cells dunng the seventh week The cells at the equator then 
grow to form secondary fibres, a process that continues throughout life Fully grown lens 
fibres extend to one-half the circumference of the lens As fibre cells differentiate terminally, 
they routinely eliminate their nucleus, mitochondria, Golgi bodies, and endoplasmatic reticulum 
[Kuszak, 1995; Worgul, 1982]. 
The embryonic development of the zonular fibres is first seen at the end of the third fetal 
month. It is not known whether the zonular fibres originate from the ciliary body epithelium or 
the lens epithelium [Streeten, 1982]. 
Anatomy 
The ocular lens is suspended behind the pupil, between the ins and the vitreous body. The lens 
has a biconvex shape and is supported by zonular fibres that run radially from the ciliary body 
to the lens equator. The lens is composed of a central nucleus surrounded by a cortex, from 
which it is demarcated by the Y sutures of the fetal nucleus. The lens continually enlarges by 
the formation of new cortical fibres. The lens fibres are arranged like the rings of a tree, and 
record the history of damage to their contents At birth, the lens weighs approximately 60 mg 
and the lens diameter measures 6.5 mm equalonally and 2.5 mm an tenor-posteriori y The 
equatorial lens diameter increases to 8.8 mm at age 20 years, and 9 mm at age 80 years 
[Kuszak, 1995] The antenor-poslenor diameter is 3.65 mm in the older adult. External to the 
cortex is the epithelium, a single cell layer located antenorly and extending to the equator The 
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epithelial cells and posterior cortex are enveloped in a capsular-elastic transparent basement 
membrane that is formed by the epithelium 
Physiology 
Many of the lens' biochemical and physiological mechanisms are aimed at maintaining 
transparency [Rae, 1995]. 
The mechanism by which the eye can change its refractive power is called accommodation. 
This change in the refractive power of the eye is brought about by changes in the shape of the 
crystalline lens. The normal process of accommodation includes· 1 the oculomotor innervation 
to the ciliary muscle of the ciliary body; 2. the intact zonular apparatus for mediating 
accommodative movements of the ciliary muscle to the lens, and 3. normal flexibility of the 
lens. Accommodative amplitude diminishes inexorably with age due to the last factor 
Biochemical structure 
The lens is a crystalline structure containing approximately 65% water and 35% protein. The 
water content of the lens decreases with age, when older fibres become compressed and 
dehydrated. A metabohcally active pump located in the lens removes sodium from the cells and 
brings in potassium, thus creating a potassium neh tissue The protein is composed of a soluble 
crystalline and insoluble albuminoid portions. With age, the albuminoid fraction increases and 
the crystalline fraction decreases. High concentrations of glutathione and ascorbic acid are also 
found in the lens. The enzyme glutathione peroxidase protects lens cell proteins and membrane 
lipids from oxidative damage. Oxidation of protein sulfhydryl groups and the formation of 
high-molecular-weight aggregates cause local variations in the orderly structure of the lens 
cells. 
The lens loses its vascularity during fetal development It derives nutrition from the sur-
rounding aqueous and vitreous humours A disturbance of these surrounding humours may 
cause altered metabolic activity or metabolite removal and results in opacification (cataract). 
Energy metabolism 
Maintenance of transparency and growth of cells is achieved with the expenditure of energy. 
Glucose is the primary substrate metabolised for energy production. There are four mechanisms 
of utilising glucose in the lens [Olson, 1985]: 
Anaerobic glycolysis 
The Embden-Meyerhof pathway, of glucose to pyruvic acid Pyruvic acid is converted 
anaerobically to lactic acid, which diffuses out to the aqueous. Anaerobic glycolysis can 
maintain the transparent state of the lens in the absence of oxygen, as long as adequate glucose 
is available. When glucose is removed from a media with abundant oxygen, rapid deterioration 
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results. Approximately 85% of the glucose in the lens is metabolised anaerobically. 
The hexose monophosphate shunt 
Direct oxidation of glucose-1-phosphate occurs in the hexose monophosphate shunt, and is 
also an important energy pathway in the lens. Approximately 14% of the glucose is metabolised 
via this pathway. The senes of reactions require the coenzyme NADP+, which is converted to 
the reduced form, and yields carbon dioxide and a 5-carbon sugar 
The sorbitol pathway 
The initial step converts glucose to sorbitol with the aid of the enzyme aldosereductase and 
reduced nicotinamide adenine dinucleotide phosphate (NADPH) Sorbitol in tum is oxidised to 
fructose, assisted by the enzyme polyoldehydrogenase. The function of this pathway remains 
obscure. 
Oxidative phosphorylation. 
Energy production by oxidative phosphorylation has a minor role in lens metabolism 
Cytochrome-containing mitochondria are located mainly in the epithelium, but they are present 
in comparatively smaller numbers than in the metabohcally active tissues in the body. 
THE ABNORMAL LENS 
Clinical abnormalities of the lens include altered lens transparency (cataract), altered lens 
position (ectopia lentis), altered lens shape (coloboma lentis, lenticonus, microphakia, 
spherophakia, microspherophakia), altered lens number (aphakia, biphakia), and the presence 
of an implanted artificial lens (pseudophakia). 
Regardless of the age of the patient, the presence of an abnormal lens should be examined 
with a slit-lamp microscope, an instrument that is in routine use in clinical ophthalmology. The 
examination should be performed with the patient's pupils dilated pharmacologically so that the 
complete lens can be examined. Slit-lamp examination is essential for the morphological 
classification of cataract, making it possible to examine the lens capsule, the lens epithelium, the 
superficial lens fibre system, the relief features of the lens, the zones of the cortex and nucleus, 
and the disposition of the lens structures. Other in vivo techniques used to assess the status of 
the lens are, e.g., slit-lamp photography, Scheimpflug photography, ultrasonography, and 
opacimetry. 
Abnormalities of the lens are due to a variety of aetiologies and can be classified by date at 
onset: 1. congenital; 2. infantile; 3. juvenile; 4. adult; 5. presenile, and 6. senile The term 
congenital should be applied only to those abnormalities present at birth or discovered during 
the first year of life. The term infantile cataract may sometimes be used synonymously with the 
term congenital cataract. Cataracts occurring after birth should be called developmental cataract. 
This differentiation may not be possible when they present at a later age Cataracts may also be 
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divided into early onset cataracts (congenital, infantile, juvenile, adult) and senile cataracts. 
Cataract 
Cataract may be defined as any opacity in the crystalline lens. A lens opacity is a zone of 
increased scattering and decreased transmission of light due to structural or biochemical 
abnormalities within any part of the lens. Only when such opacities lie in or near the visual axis 
of the lens and are of sufficient degree, may the visual function be impaired. Although some 
authors advise that only opacities that interfere with normal vision should be called cataracts, 
many authors apply the term cataract to any opacity of the crystalline lens which is clinically 
significant. 
Morphology of cataract 
A cataract should be classified morphologically as being total (complete) or partial 
(incomplete). A further subdivision of the incomplete cataract is necessary for a belter 
understanding of each case, mainly from the aeliological and prognostic standpoint. Such 
subdivision should be kept as simple as possible. In order to devise a practical classification 
scheme, it is useful to recognise three categories of changes in the lens: 1. cataract types (e.g., 
postenor subcapsular cataract); 2. cataract components (i.e., the components which together 
make up a particular cataract type), and 3. changes in the lens status during cataract formation 
(e.g., degree of maturity, dislocation, etc.) [Bron & Brown, 1982]. 
Cataract types 
Anterior polar cataract is a pyramidal opacity at the anterior pole of the lens which projects into 
the anterior chamber. Jaafar and Robb reviewed 63 cases of congenital anterior polar cataract 
[Jaafar & Robb, 1984], which is inherited as an autosomal dominant trait and is usually 
stationary [Moross et al., 1984]. Progression may occur in childhood [Nelson et al., 1985]. 
Bilateral anterior polar cataracts with microphthalmia, with autosomal dominant inheritance, 
represent a nosological entity [Harman, 1909, 1910; Clementi et al., 1985]. An ocular disorder 
with anterior polar cataract is Peters' anomaly. Familial congenital cornea guttata may occur 
with anterior polar cataracts [Traboulsi & Weinberg, 1989]. Systemic disorders with anterior 
polar cataract include cerebrotendinous xanthomatosis [Cruysberg et al., 1995] and Alport's 
syndrome. 
Anterior capsular cataract. Abnormalities of the anterior lens capsule include anterior polar 
cataract, anterior capsular cataract, true exfoliation of the lens capsule, and pseudo-exfoliation 
of the lens capsule. In true exfoliation, the superficial lens capsule is delaminated by infrared 
exposure (glass blowers' cataract). In pseudo-exfoliation, a basement membrane-like fibnllo-
granular white material is deposited on the lens and other intraocular structures. Congenital 
anterior capsular cataract may be associated with persistent pupillary membranes. Acquired 
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anterior capsular cataracts occur in the pseudo-exfoliation syndromes, in association with ocular 
inflammation (postenor synechiae), and in ocular trauma (Vossius' ring). Acquired anterior 
capsular cataract may be drug-induced (chlorpromazine, gold). Systemic disorders associated 
with axial anterior capsular cataract include Wilson's disease (sunflower cataract) Anterior 
capsular cataract has been reported in rhizomelic chondrodysplasia punctata [Levine et al , 
1974]. 
Anterior subcapsular cataract may occur in acute angle-closure glaucoma (Glaucomflecken) and 
with miotic eyedrops (long-acting anticholinesterases). Systemic disorders associated with axial 
anterior subcapsular cataract (stellata pigment deposition) include use of amiodarone medication 
and phenothiazine medication [Flach et al., 1985] Polychromatic antenor subcapsular opacities 
and vacuoles, with progression to a bearskin-shaped cataract, may occur in atopic dermatitis 
[Aalders-Deenstra & van Bijsterveld, 1985] 
Cortical cataract may be age-related or congenital Opacities may be white or have a deep-blue 
hue (coerulea cataract). Very thin opacities tend to have a blue tint. 
In lamellar cataract (zonular cataract), a discrete layer of lens-fibres is opaque, with the fibre 
layers superficial, and deep to the involved area remaining clear. It is thought that a specific 
insult occurnng during the formation of these fibres might cause the opacity. Although most 
cases of zonular cataracts are thought to occur prenatal I y [Waardenburg, 1961], they can also 
occur postnatally. The timing of the trauma determines the specific group of fibres affected and 
therefore the location of the zonular cataract within the lens. There is also wide vanation in the 
degree of opacification of the involved lamellae, from cataracts in which the lamellae appear 
uniformly translucent or opaque to those in which they consist of a collection of dots [Phelps, 
1985]. Aetiologically, zonular cataracts may be secondary to genetic, developmental, or 
environmental factors When the ongin is genetic, zonular cataracts are most often inherited in 
an autosomal dominant fashion [Phelps, 1985], although autosomal recessive [Nishi, 1934] 
and X-linked [Falls, 1952] inhentance has been reported. Lamellar cataracts usually are 
hereditary congenital cataracts Spoke-like opacities (nders) frequently surround the cataract. 
Lamellar cataract may result from local eye disease or trauma In systemic disorders, lamellar 
cataract is associated with hypoparathyroidism [Hanno & Weiss, 1961] 
Sutural cataracts are congenital and familial Y-shaped opacities involving the sutures of the lens 
within the lens nucleus. Y-shaped sutural cataracts have been reported to occur because of a 
trauma that occurred in the second month of intrauterine life [Waardenburg, 1961, p. 873] 
Sutural opacities are most often inhented in an autosomal dominant [Waardenburg, 1961, p. 
873] or recessive fashion [Clausen, 1925]. X-linked sutural cataracts have been reported in 
female earners in a family with X-linked total cataracts [Fraccaro et al., 1967; Pinckers et al., 
1982], men affected with the Nance-Horan syndrome [Horan, 1974], and hemizygous males of 
one family [Knll et al., 1969]. Zonular cataracts were co-inhented uniformly with sutural 
18 
Chapter 2: The normal and abnormal lens 
opacities in an autosomal dominant fashion in a four-generation family [Basti et al., 1996]. 
Supranuclear cataract (coronary cataract) is a cataract which surrounds the lens nucleus like a 
crown. Coronal opacities are not uncommon in the adult population and do not interfere with 
vision. 
Nuclear cataract may be age-related or congenital. Coppock cataract (Cataracta pulverulenta 
centralis; Iq21-q25) and Coppock-like cataract (2q33-q36) are autosomal dominant inherited 
congenital lens disorders without other ocular or systemic manifestations [Renwick & Lawler, 
1963; Lubsen et al., 1986]. Congenital rubella syndrome [Eckstein el al., 1996] and 
galactosemia may cause congenital and infantile nuclear cataracts. 
In posterior subcapsular cataract, posterior migration of lens epithelial cells are found 
histopathologically in the postenor subcapsular area. Postenor subcapsular cataract may occur 
as a secondary cataract (Cataracta complicata) in ocular inflammation and irradiation. Other 
systemic causes include myotonic dystrophy, many other diseases, and the use of topical and 
systemic steroids [Costagliola et al., 1989; Fraunfelder & Meyer, 1990]. The corticosteroid-
induced cataract cannot be distinguished from age-related cataract. 
Posterior capsular cataract may be associated with persistent hyaloid remnants (Mittendorfs 
dot). Posterior capsular lens opacities occur in young patients with neurofibromatosis type 2 
(bilateral acoustic neurofibromatosis) [Kaiser-Kupfer et al., 1989]. 
Posterior polar cataract is a pyramidal opacity in the posterior pole of the lens. Familial 
posterior polar cataracts have been described by Harman [Harman, 1910]. Postenor polar 
cataracts are seen in aniridia [Nelson et al., 1984]. Systemic disorders include Cockayne's 
syndrome and Lowe's syndrome. 
Cataract components 
Components of cataract include: 1. capsular changes (lens shagreen, capsular spheres, 
polychromatic lustre, pseudo-exfoliation of the lens capsule); 2. lens epithelium abnormalities; 
3. cortical changes (focal dot opacities, retro-dot opacities, vacuoles, mdescenl features, water 
clefts, cuneiform or spoke opacities, sutural opacities); and 4. nuclear changes (senile nuclear 
cataract, brunescent nuclear changes, nuclear dot opacities, sutural changes)[Bron & Brown, 
1982]. 
Maturity of cataract 
Immature cataract shows opacities and clear zones, while in mature cataract, the lens is 
totally opaque. 
Intumescent cataract is a swollen lens due to imbibed water. 
Morgagnian cataract is a mature cataract with total liquefaction of the cortex and dislocated 
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nucleus 
Hypermature cataract shows a wrinkled capsule resulting from leakage of water out of the 
lens. Ectopia lentis may occur as a complication of hypermature cataract (Cataracta matura 
luxata). On the other hand, luxated lenses may become totally cataractous (ectopia lentis 
matura). Cataracta matura luxata may be unilateral or bilateral. Other complications due to 
hypermature cataract include spontaneous absorption of the lens, phakolytic glaucoma and 
retinal perivasculitis [Uemura et al., 1988]. A 58-year-old woman with unilateral hypermature 
cataract secondary to Fuchs' heterochromic cyclitis, developed spontaneous absorption of the 
lens material, followed by its dislocation into the anterior chamber [Uemura et al., 1988]. 
Various systemic associations are possible. Cataracta matura luxata may be a complication of 
the cataractous state of the lens. Therefore, if luxation of a previously hypermature cataractous 
lens occurs, ectopia lentis should not be considered as a direct complication of the systemic 
disease. 
Membranous cataract is a rarely observed form of mature cataract characterised by complete 
absorption of lens material without a clinically observable capsular rupture It has been 
observed in Hallermann-Streiff syndrome [Wolter & Jones, 1965], Lowe syndrome, aniridia 
[Yoshikawa et al., 1993], and congenital rubella syndrome [Smith et al., 1990]. 
Ectopia lentis 
The term ectopia lentis is used whenever the crystalline lens is loose or out of place, no matter 
what the aetiology is. All causes of ectopia lentis have in common that the zonular fibres are 
loose, disrupted, or absent. 
Simple ectopia lentis 
Ectopia lentis simplex congenita is characterised by congenital inherited ectopia lentis 
without systemic abnormalities. Ectopia lentis simplex is inherited in the majority of cases as an 
autosomal dominant condition [Falls & Cotterman, 1943; Meyer, 1954; François, 1961]. 
Recessive inheritance is rare [Falls & Cotterman, 1943, Ruiz et al , 1986; Al-Salem, 1990; 
Bjerrum & Kessing, 1991]. Ectopia lentis simplex of late onset is inherited ectopia lentis 
without systemic abnormalities. Spontaneous late subluxation of the lens occurs between the 
ages of 20 and 65 years [Waardenburg et al., 1961]. The disorder is inherited in the majority of 
cases as an autosomal dominant condition 
Ocular disorders with ectopia lentis 
Congenital ectopia lentis may be associated with secondary buphthalmos, megalocomea, 
persistent pupillary membrane, extreme myopia, and photophobia, occurring as an autosomal 
recessive trait [Bjerrum & Kessing, 1991]. Ectopia lentis simplex of late onset is associated 
with cataracts and retinal detachment [Jensen, 1974]. Glaucoma usually occurs more frequently 
in spontaneous late subluxation of the lens than in the congenital type [Harshman, 1948; 
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Meyer, 1954; Malbran et al., 1989]. The vast majority of patients sought consultation because 
of progressive myopia or intermittent acute intraocular hypertensive crisis which obscured the 
basic condition [Malbran et al., 1989]. Ectopia lentis et pupillae is presumably a congenital, 
hereditary ocular disorder in which there is a combination of displacement of the lens with 
pupillary displacement, without systemic abnormalities [Cruysberg & Pinckers, 1995] 
Systemic disorders with ectopia lentis 
Systemic disorders associated with ectopia lentis include Marfan's syndrome, homo-
cystinuna, Weill-Marchesanf s syndrome, and many other disorders 
Coloboma lentis 
Coloboma of the lens is a congenital anomaly in which the lens has a peripheral flattening or 
indentation which is typically situated infenorly but occasionally occurs at some other portion 
of the lens circumference [Phelps, 1985]. Lens colobomas may be classified into two types' 1 
a primary type, in which there is a wedge-shaped defect or indentation, and 2 a secondary 
type, in which the lens shows a slight flattening or indentation due to the lack of the ciliary 
body or zonular development In some patients, there is a deep wedge shaped indentation 
extending almost to the centre of the lens. In these eyes the lens itself is obviously involved in 
the colobomatous process Bilateral colobomas of the lens are usually reported to occur with 
ectopia lentis [Gin, 1924, Angra et al , 1984] Angular notches in the outer contour of the lens 
may be situated at other than the inferior portion of the lens circumference [Gin, 1924]. 
Cataractous changes often occur in the lens cortex adjacent to the coloboma. The association of 
unilateral disc-shaped cataract with coloboma of the lens is probably rare [Kihara et al , 1988] 
When a coloboma of the uveal tract accompanies the lens coloboma, this usually affects only 
one eye. Frequently the ciliary zonules are missing in the region of the coloboma [Gm, 1924], 
suggesting that the flattening of the lens is a secondary manifestation of a zonular coloboma 
[Bavbek et al., 1993]. Often a localised thickening occurs in the same area of the lens, 
providing that the zonule rather than the lens is at fault. Some patients may present with retinal 
detachment [Bavbek et al , 1993]. Lens coloboma may occur with systemic anomalies, e.g., 
Marfan's syndrome [Angra et al., 1984; Franceschetti, 1932]. 
Lenticonus 
Lenticonus is an abnormality in the shape of the crystalline lens, characterised by an ectasia of 
the anterior and/or postenor lens capsule. Lenticonus may result from a genetically determined 
thinning and weakness of the central part of the lens capsule. 
Posterior lenticonus 
Posterior lenticonus or lentiglobus is more often unilateral but bilateral cases, most often 
dominantly inherited, have been observed [Gibbs et al., 1993]. Unilateral postenor lentiglobus 
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may subsequently develop bilaterally by 15 weeks of age [Mohney & Parks, 1995] Most 
cases of postenor lenticonus are unilateral, isolated, and not associated with other ocular or 
systemic abnormalities [Bleik et al , 1992], except for cataract, amblyopia and strabismus 
[Cheng et al., 1991; Kilty & Hiles, 1993], and persistent hyaloid artery remnant [Butler, 1930; 
Kilty & Hiles, 1993]. However, familial postenor lenticonus has been documented in a total of 
six families in four reports [Butler, 1930; Howitt & Homblass, 1968, Pollard, 1983; Bleik et 
al., 1992]. The familial occurrence of postenor lenticonus should be considered in bilateral 
cases and in the presence of associated ocular malformations, such as microcornea [Bleik et al., 
1992]. 
Anterior lenticonus 
Antenor lenticonus has been documented frequently in Alport's syndrome [Arnott et al., 
1966; Nielsen, 1978; Govan, 1983], and rarely in Duane's syndrome [Capobianco & Magli, 
1980]. Association of postenor lenticonus with systemic disease, such as Lowe's syndrome 
[Tnpathi et al., 1986], has been observed. Observation of bilateral postenor lenticonus in a 3-
day-old infant provided evidence for a congenital, rather than an acquired, ongin [Seidenberg & 
Ludwig, 1993]. Postenor lenticonus progressively leads to cataract formation over a penod of 
years [Cheng el al., 1991]. Acute leukocona in a child with postenor lenticonus might be the 
consequence of spontaneous rupture of the lenticular capsule [de Courten & Faggioni, 1990]. 
Combined antenor and posterior lenticonus is described in a pedigree showing anterior 
lenticonus, postenor lenticonus, and deafness with sex-linked inhentance and the probable gene 
locus in the arm of the x-chromosome [Kapoor, 1979]. 
Microspherophakia 
Microphakia 
In microphakia the lens is of small size and often spherical in shape (microspherophakia) 
Microphakia has been reported in Lowe syndrome and nail patella syndrome 
Spherophakia 
Spherophakia is a rounded lens, which is associated with high lenticular myopia and narrow 
angle glaucoma. Spherophakia may occur in the congenital Marfan syndrome with contractures 
[Meire et al., 1991]. Acquired spherophakia occurs in untreated homocystinuna. Monocular 
spherophakia was found in a one-year-old child with multiple malformations and a tandem 
duplication of the distal two-thirds of chromosome 13q [Ginsberg et al., 1981]. 
Microspherophakia 
In ectopia lentis et pupillae, microspherophakia has been documented histopathologically 
[Luebbers et al., 1977]. Marchesani recognised the combination of short fingers 
(brachydactyly) and microspherophakia as a syndrome [Marchesani, 1939] The presence of 
microspherophakia is considered a prerequisite to the diagnosis of the Weill-Marchesani 
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syndrome [Jensen et al., 1974]. 
Aphakia 
Aphakia is a condition in which no lens is present in an eye, usually after surgical removal of 
the lens. Aphakia may occur very rarely as a congenital anomaly or after spontaneous 
resorption 
Congenital aphakia 
Congenital aphakia is a rare congenital disorder in which no lens has developed in the eye 
(primary or true congenital aphakia) [Mann, 1921]. Primary congenital aphakia is associated 
with other abnormalities of the anterior segment, e.g. Peters' anomaly [Holmark & Jensen, 
1972; Gunderson et al., 1996]. However, more commonly congenital aphakia may result from 
degeneration and absorption of the lens at some stage after the lens vesicle forms (secondary 
congenital aphakia). 
Spontaneous aphakia 
Spontaneous aphakia is a condition in which spontaneous resorption of a totally liquefied 
lens has occurred. Complications due to hypermature cataract include spontaneous absorption 
of the lens, phakolytic glaucoma and retinal perivasculitis [Uemura et al., 1988] Spontaneous 
resorption of a totally liquefied lens has been reported in the Hallermann-Streiff syndrome 
[Hallermann, 1948; Biodi, 1957]. 
Biphakia 
Biphakia is a condition in which two lenses are present in one eye. In congenital biphakia two 
lenses have developed in one eye (duplicano lentis). The most common cause of biphakia is a 
luxated crystalline lens in the vitreous and an artificial lens in the pupil. Sometimes more than 
one artificial lens may be present in the eye. 
Congenital biphakia 
Congenital biphakia (unilateral duplication of the crystalline lens) is a very rare disorder in 
which two separate lenses have developed in one eye, resulting from a sporadic event during 
gestation. Two cataractous lenses were noted behind the ins lying horizontally and separated by 
a clear space [Hemady et al., 1993]. This defect may be associated with other abnormalities of 
the eye [Lyford & Roy, 1974; Grey & Rice, 1976; Hemady et al., 1993], or without other 
ocular anomalies [Gerkowicz & Toczolowski, 1983]. Duplication of the lens may be associated 
with hourglass cornea [Evans & Hickey-Dwyer, 1991; Hemady et al., 1993] or diplophthalmos 
[Stefani et al., 1991]. Gross craniocervical deformities have been reported [Stefani et al., 
1991]. 
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Pseudophakie 
The term pseudophakia is used when the eye contains an artificial lens after surgical removal of 
the crystalline lens because of cataract or ectopia lentis. 
Presbyopia 
Monocular loss of accommodation may be the first sign of cataractous changes and may 
precede the development of lens opacity by one to two years [Loewenstein et al., 1994]. In 
young patients with an unexplained loss of accommodation, early lens changes should be 
included in the differential diagnosis. 
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Chapter 3: Ocular disorders with abnormal lenses 
INTRODUCTION 
Heterogeneous ocular disorders that are associated with abnormal lens status were reviewed 
Special attention was given to the major characteristics of (a) the lens, (b) the eye, and (c) 
systemic features To facilitate the diagnostic search, the differential diagnoses of lens disorders 
were compiled according to the major ocular manifestation. 
OCULAR DISORDERS WITH ABNORMAL LENS STATUS 
Anophthalmos, microphthalmos, coloboma 
Anophthalmos is extreme microphthalmos, congenital absence of the eye. Microphthalmos 
means that the volume of the eye is too small The axial length is less than 18.5 mm in adults. 
Although microphthalmos is usually associated with a small comea, the corneal diameter may 
be normal (range of 9.0 to 10.5 in neonates, mean 11.75 in adults). Microphthalmos may be 
subdivided into: 1. congenital cystic eye; 2 apparent anophthalmos; 3. simple microphthalmos 
{nanophthabnos)\A. microphthalmos with intraocular malformations, including cataract, anterior 
chamber malformations, and coloboma; and 5 multiple ocular malformations [Warburg, 1993]. 
The heterogeneity of microphthalmos and coloboma is considerable, and the clinical 
morphology is insufficient for aetiological classification [Warburg, 1981a] 
Cataract may occur in congenital ocular malformations with microphthalmos and/or 
coloboma. These combinations may be due to a variety of environmental (prenatal infections: 
rubella, cytomegaly, varicella, drugs, and irradiation) and genetic factors (chromosomal 
disorders Patau's syndrome, hereditary syndromes: Walker-Warburg syndrome, Nance-Horan 
syndrome) [Warburg, 1971, 1981a, 1981b, 1993; Capella et al., 1963; Pinckers et al., 1982]. 
Other disorders reported to occur with microphthalmos include dyscephahc syndromes 
(Hallermann-Streiff syndrome, Treacher-Collins syndrome, Ulnch's syndrome) [François, 
1958, van Balen, 1961; Winter, 1981], skin disorders (Bloch-Sulzberger's incontinentia 
pigmenti syndrome, Goltz' focal dermal hypoplasia, Sjogren-Larsson syndrome, and 
congenital ichthyosis), Cerebro-Oculo-Facio-Skelelal (COFS) syndrome, Harman syndrome 
[Harman, 1910], Lenz microphthalmia syndrome [Pallotta, 1983, Traboulsi et al , 1988], 
Meckel's syndrome, Minkowski-Chauffard-Gaensslen syndrome, Oculodento-osseous dys-
plasia, Weill-Marchesani syndrome, and Weyers-Fuelling syndrome. 
Congenital dysgenesis of the cornea and/or iris 
Aniridia 
Aniridia occurs as a phenotypically heterogeneous condition, characterised by binocular 
absence of the ins, which may be inherited as an autosomal dominant disorder or as part of 
several systemic syndromes [Nelson et al , 1984] It has been linked with the loci of 
30 
Chapter 3: Ocular disorders with abnormal lenses 
chromosomes 1 and 2, and associated with the deletion of the p-13 band of chromosome 11. 
Cataracts develop in more than 50% of patients, usually during the first or second decade of 
life. Frequently at birth small anterior and posterior lens opacities may be noted. Cortical, 
subcapsular, and lamellar opacities often develop by the teenage years [Nelson et al., 1984]. 
Aniridia has been reported to occur with ectopia lentis [Callahan, 1949; David el al., 1978] and 
cataract, or both [Yoshikawa et al., 1993]. Ectopia lentis is present in up to 50% of cases with 
total aniridia. 
Total or partial absence of the ins is an absolute condition for the diagnosis. Aniridia is 
frequently associated with glaucoma Other ocular manifestations include poor vision, corneal 
dystrophy, nystagmus, photophobia, strabismus, optic nerve hypoplasia, poor foveal reflex. 
Systemic manifestations have been described in siblings and in sporadic cases, e.g. aniridia, 
cerebellar ataxia, and mental retardation [Gillespie, 1965]. A child with sporadic aniridia has an 
increased risk of development of Wilms' tumour of the kidney The association of bilateral 
aniridia, ectopia lentis, and dental anomalies has been reported as a sporadic case [Sachdev et 
al., 1986] and with mental retardation as an autosomal recessive syndrome [Zamzam et al., 
1988]. 
Ectopia lentis et pupillae 
Ectopia lentis et pupillae is a presumably congenital, hereditary disorder in which there is a 
combination of displacement of the lens with pupillary displacement, without systemic 
abnormalities. In the studies in which ectopia lentis el pupillae occurred, respectively 81%, 
93%, 50%, and 41% had ectopia lentis alone, and 19%, 7%, 50%, and 59% had ectopia lentis 
et pupillae [Clarke, 1939; Lund & Sjontort, 1950, Cruysberg & Pinckers, 1995; Goldberg, 
1988]. The pupils are characteristically oval or slit shaped and ectopic, and they frequently 
dilate poorly despite repeated pharmacological attempts [Cross, 1979; Goldberg, 1988]. The 
condition is usually bilateral, commonly not symmetrical, but with the lenses and pupils 
displaced in the opposite directions from each other. However, marked variation in the 
expression of the disorder occurs between the eyes of the same patient and among affected 
members of the same family [Luebbers et al., 1977; Goldberg, 1988]. Transillumination of the 
ins penphery has been reported in the majonty of patients [Luebbers et al., 1977; Goldberg, 
1988]. Well-documented cases with this condition which do not have ins transillumination are 
seen by Nelson and Maumenee [Nelson & Maumenee, 1982]. The Marfan syndrome, in which 
ectopia lentis is commonly present, is another disorder in which ins transillumination has been 
documented clinically [Maumenee, 1981]. As with ectopia lentis simplex, lenticular myopia, 
amblyopia, cataract, glaucoma, retinal detachment and poor vision can occur in ELP [Goldberg, 
1988] Severe axial myopia and associated fundus abnormalities (77.8% of eyes measured 
showed anteroposterior lengths greater than 24 mm), and enlarged corneal diameters (44% of 
eyes measured were 12 mm or more) have been underscored by Goldberg in the largest known 
series of patients wilh ectopia lentis et pupillae [Goldberg, 1988]. Other characteristics 
emphasised by this author include persistent pupillary membranes (87.5%), prominent ins 
processes in the antenor chamber angle (80%) and indohyaloid adhesions (synechiae between 
31 
Chapter 3 Ocular disorders with abnormal lenses 
persistent pupillary membranes and the exposed anterior hyaloid face 28.6%) [Goldberg, 
1988]. Abundant networks of fibres of persistent pupillary membrane may largely occupy the 
pupil [Crebbin, 1929] Ectopia lentis et pupillae follows a recessive mode of inheritance 
[Franceschetti, 1927] However, there are reports suggesting dominant inheritance [Luebbers et 
al , 1977; Cruysberg & Pinckers, 1995] Another description of a family showing dominant 
transmission was clinically atypical for this disorder [Walls & Heath, 1959]. Consanguinity is 
frequently reported [Cross, 1979; Franceschetti, 1927] or suspected [Siemens, 1920]. 
Iridogoniodysgenesis 
Indogoniodysgenesis is a developmental anomaly of the anterior segment of the eye, some 
of which have been associated with glaucoma, cataracts, or both There has been one report in 
the literature of indogoniodysgenesis associated with cataracts in two brothers, probably 
inherited by autosomal recessive transmission [Henkind & Friedman, 1971] Autosomal 
dominant inheritance of indogoniodysgenesis and pre-senile hypermature cataract has been 
reported [Hodes et al , 1993] 
Peters' anomaly 
Peters' anomaly is a congenital malformation of the eye, charactensed by a central corneal 
opacity with adhesions to the ins or lens Most cases have been considered to be sporadic 
However, cases with autosomal recessive inhentance pattern [Alkemade, 1969] and autosomal 
dominant transmission have been reported [Alkemade, 1969, DeRespinis & Wagner 1987; 
Green et al , 1986] Peters' anomaly is associated with anterior polar cataract and other 
congenital cataracts Other ocular signs include glaucoma and defective Descemet's membrane 
in the area of corneal opacity Peters' anomaly has also been described in conjunction with 
Warburg syndrome, Krause-Kivlin syndrome, Goldenhar syndrome, fetal alcohol syndrome, 
and several chromosomal defects [Gunderson et al., 1996]. 
Rieger's anomaly 
Rieger's anomaly is an ocular disorder charactensed by congenital dysgenesis of the cornea 
and ins (mesodermal dysgenesis), with prominent Schwalbe's line all around the corneal 
penphery, peripheral ins processes, a stromal hypoplasia of the ins often with through and 
through holes in the ins, and pupillary abnormalities, including corectopia (ectopia pupillae), 
polycona, and ectropion uveae. This is an autosomal dominant condition with a high degree of 
penetrance The lens is usually clear but the antenor surface often has prominent lens capsule 
stars which are remnants of the embryonic pupillary membrane. Cataract onset may be 
congenital or secondary. Other ocular manifestations include microcornea, corneal opacities in 
Descemet's membrane parallel to the limbus with remaining strands to the atrophic ins, antenor 
synechiae, anindia, congenital glaucoma with chamber angle anomalies, embryotoxon 
posterior, abnormal chamber angle with penpheral ins strands usually attached to Swalbe's 
line, and glaucoma (50%). Microphthalmia is an occasional finding. Rieger's 
syndrome/anomaly has been descnbed with ectopia lentis [Kittel, 1956, Lemmingson & Riethe, 
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1958; Starke, 1951] and with Marian's syndrome [Gnn & Nelson, 1987]. Confusion with 
ectopia lentis et pupillae syndrome may occur. In contrast to Peters' anomaly, the central comea 
is clear in Rieger's anomaly. 
Rieger's syndrome 
Rieger's syndrome is Rieger's anomaly with systemic manifestations, i.e. skeletal and 
dental anomalies, and anodontia. The face often appears unusually wide. Hypodontia and 
under-developed maxilla have been reported. 
PHPV-spectrum 
Persistent hyaloid artery 
Regression of the embryonic hyaloid vascular system is normally completed at birth or 
shortly afterwards. A persistent hyaloid artery (PHA) is a fairly common developmental 
anomaly in the human eye, and is mostly seen in the form of persistent parts of the artery at the 
disc (Bergmeister's papilla) or on the posterior lens capsule (Mittendorf's dot). Less 
commonly, the entire hyaloid artery may persist, from the optic disc to the back of the lens. 
Persistent hyperplastic primary vitreous (PHPV) 
The well-documented natural history of PHPV is one of progressive congenital cataract with 
shallowing of the anterior chamber and resultant angle-closure glaucoma. Unilateral PHPV 
generally is sporadic and not associated with a systemic disorder. In patients with bilateral 
PHPV, Nome's disease and trisomy 13 (Patau's syndrome) should be considered in the 
differential diagnosis 
Vitreoretinal degenerations 
Wagner's syndrome 
Wagner's syndrome is a vitreoretinal degeneration with autosomal dominant inheritance. 
Cataract type: nuclear, postenor subcapsular cataract Cataract onset at an early age. Other 
ocular signs include familial retinal detachment, vitreous membranes, and retinal pigmentations. 
Stickler's syndrome 
Stickler's syndrome [Stickler et al, 1965] is an autosomal dominant inherited disorder with 
several ocular and systemic manifestations, including vitreoretinal degenerative changes and 
early onset arthropathy. Cataracts of various types or aphakia were found in 115 of 231 eyes 
(50%) in one study [Seery et al., 1990]. Isolated posterior subcapsular cataract was seen in 
younger patients. The most frequent and distinctive lesions, described as wedge and fleck 
cataracts, accounted for 43% of the cataracts observed [Seery et al., 1990]. Complicated 
cataract, preceded by retinal detachment, may occur in the first decade [Stickler et al., 1965]. 
Other ocular signs include vitreoretinal degeneration, empty vitreous, (very) high myopia, 
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peripheral retinal degeneration, retinal detachment, strabismus, glaucoma, and phtisis bulbi. 
Systemic manifestations include arthropathy, joint laxity, micrognathia, flat facies, high arched 
or cleft palate, dental malocclusion, epiphyseal dysplasia, and mitral valve prolapse. 
Neurological features include sensorineural hearing impairment. 
Tapetoretinal degenerations 
Retinitis pigmentosa 
Retinitis pigmentosa (RP) is a clinically and genetically heterogeneous group of hereditary 
disorders in which there is progressive loss of photoreceptor and pigment epithelial function. 
Bilateral posterior subcapsular cataracts in the visual axis, characterised by yellowish crystalline 
changes within the peripheral lens cortex, occurring in the third or fourth decade, are common 
in all forms of retinitis pigmentosa [Heckenlively, 1982; Fishman et al., 1985]. Antenor polar 
cataracts are rare[Dilley et al., 1975]. Cataract prevalence: 40%, visual significant cataracts or 
aphakia is present in only 5-14% of the total group [Heckenlively, 1982]. Congenital cataracts 
have rarely been reported in association with RP with hearing impairment [Rosenberg and 
Parving, 1996]. 
Retinitis pigmentosa has been reported in association with ectopia lentis [Bardelle & 
Cárdete, 1968; Guillaumat & Lemailrc, 1948; Halpem & Sugar, 1981 ; Filatov el al., 1992]. It 
rarely has been reported to occur in a family pedigree [Guillaumat & Lemaitre, 1948; Noble et 
al., 1993]. In the last study, four of five siblings born of a consanguineous marriage 
demonstrated abnormalities of the lens (ectopia lentis and dense cataract] and retina [generalised 
tapetoretinal dystrophy and total retinal detachment) associated with myopia [Noble et al., 
1993]. Ocular manifestations include bilateral rod dysfunction on electroretinography, 
progressive loss of peripheral visual field, and pigmentary retinal degeneration. Systemic 
manifestations: Various syndromes are associated with retinitis pigmentosa. 
Gyrate atrophy 
Gyrate atrophy or Atrophia gyrata retinae is an autosomal recessive retinal disease in 
childhood characterised by a progressive peripheral retinal atrophy. Nearly all patients develop 
posterior subcapsular cataracts in the second decade of life [Kaiser-Kupfer et al., 1983]. In 
addition to this, wrinkling of the anterior lens capsules (anterior subcapsular plaque cataract) 
has been reported [Steel et al., 1992]. The age at the time of cataract extraction is usually less 
than 40 [Kaiser-Kupfer et al., 1983]. The major manifestation is a characteristic choroidoretinal 
atrophy [Deutman et al., 1978]. Other ocular features include myopia and cataract Neurological 
and other systemic manifestations are rare. Biochemical abnormalities identified with gyrate 
atrophy include hyperomithinaemia and ornithine ketoacid transaminase deficiency [Sengers el 
al., 1976; Trijbels et al., 1977; Deutman et al., 1978]. Vitamin B6 therapy seems to have been 
beneficial in some patients. 
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Pseudo-exfoliation syndrome 
Patients with pseudo-exfoliation syndrome show zonular instability [Schlotzer-Schrehardt and 
Naumann, 1994]. There is a marked tendency to phakodonesis and even spontaneous 
dislocation or subluxation of the lens posteriorly into the vitreous or anteriorly, which can lead 
to pupil block glaucoma. Associated ocular complications include an increased prevalence of 
open-angle glaucoma, decreased pupillary dilatation, melanin dispersion, and blood-aqueous 
barrier dysfunction 
Ocular trauma 
Blunt ocular trauma 
Traumatic cataract, with or without subluxation of the lens, may occur in response to blunt 
or penetrating ocular trauma. Ocular trauma is by far the most common aetiological factor that 
has been reported to occur with ectopia lentis, accounting for 53% of the total in a senes 
[Jarrelt, 1967]. In other senes, the percentage of senous ocular trauma resulting in a displaced 
lens ranges from 22% to 56% [Nirankan & Chaddah, 1967, Cruysberg et al , 1995] Cataract 
type: unilateral local opacification, frequently progressive to total or complete cataract. 
Concussion injuries may lead to the development of Vossius' nng, due to an imprinting of ins 
pigment onto the anterior lens capsule. Cataract and ectopia lentis may occur in child abuse 
[Harley, 1980] 
Perforating ocular trauma 
An intraocular foreign body should be ruled out by orbit X-rays Lens dislocation 
complicating strabismus surgery is extremely rare [Hittner, 1979] 
Intraocular foreign body 
A metallic intraocular foreign body (iron, copper) causes unilateral cataract, anisocona and 
heterochromia of the ins. In copper-containing foreign bodies, the lens develops typical 
capsular opacities referred to as sunflower cataract Spontaneous resolution has been reported 
[Yap & Buettner, 1992] Ocular findings include anisocona, heterochromia indis, and 
electroretinographic evidence of retinal damage. Intraocular silicone oil may cause postenor 
subcapsular cataract 
Ocular inflammation 
Uveitis 
Chronic uveitis, iritis, iridocyclitis may all lead to cataract formaüon Cataract type, postenor 
subcapsular cataract Various systemic diseases may be associated with uveitis induced cataract, 
e.g., juvenile chronic arthntis, Behcet's disease [Ciftci & Özdemir, 1996], and Vogt-Koyanagi-
Harada syndrome [Moorthy et al , 1994] Corticosteroid treatment may increase the risk of 
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cataract formation 
Intraocular infection, e g., endophthalmitis, may cause secondary cataract. 
Ocular neoplasm 
Cataracts caused by an intraocular tumour, such as retinoblastoma, are usually unilateral and 
not associated with microphthalmos. The retinoblastoma, however, may be bilateral 
Ocular surgery 
Intraocular surgery may cause early-onset cataract. Nuclear cataract is a common finding after 
vitrectomy [de Bustros et al., 1988]. Oxidation of lens proteins intraoperatively may be one of 
the causes of development of nuclear cataract after vitrectomy [Ogura et al., 1991]. 
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Chapter 4. Metabolic diseases and the eye 
Abstract 
Many inborn errors of metabolism are associated with abnormalities of the eye, including the 
cornea, aqueous humour, lens, vitreous, retina, optic nerve, extraocular muscles, and the skin 
of the eyelids The precise pathophysiology of the clinical signs is often not clear, and in many 
disorders, therapy is not yet available Examination of the eyes, however, may play an 
important role in making an early diagnosis in metabolic diseases With the help of the 
suggested initial biochemical examinations, it is often possible to obtain a clue as to which cell 
compartment a disturbance belongs. Cooperation between specialists of various disciplines is 
necessary for a precise diagnosis and evaluation of therapy. 
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INTRODUCTION 
Cellular metabolism takes place in various compartments of the cell, e.g., mitochondria, 
peroxisomes, lysosomes, the endomembrane system, and cytoplasm. Metabolic diseases often 
manifest themselves in the tissues of the eye All ocular structures may be involved, including 
the comea, lens, vitreous, retina, optic nerve, extraocular muscles, and the skin of the eyelids. 
The basic mechanisms of cellular metabolism and its importance for ocular abnormalities in 
inborn errors of metabolism are reviewed 
METABOLISM OF THE CELL 
Mitochondria 
Mitochondria are subcellular organelles with a double membrane The metabolic pathways in 
these organelles play an important role in energy production ι e , the electron transport chain 
and fatty acid oxidation. Mitochondria are present in almost all cells However, in the terminally 
differentiated lens fibre cells and in erythrocytes, they are absent. Mitochondrial dysfunction 
can affect virtually all organ systems, including the eye [Munnich et al., 1992; Johns, 1995]. 
The mitochondrial electron transport chain (ETC) 
The ETC consists of four enzyme complexes (I-IV) which are present in the mitochondrial 
inner membrane Electrons are transported via the ETC. This results in a proton gradient over 
the inner membrane. This gradient provides the force for the production of ATP, using ATP 
synthase (complex V). During this process, oxygen is reduced to water The four different 
enzyme complexes are composed of various subunits The majority of these subunits are 
encoded in the DNA of the nucleus (nDNA) Mitochondria have their own DNA, mitochondrial 
DNA (mtDNA). This mtDNA encodes for 13 of the more than 68 subunits of the various ETC-
complexes. Disturbances in mtDNA and nDNA, which encode for subunits of the ETC, can 
cause a diminished energy production. Advanced technology in molecular biology has traced 
many errors in the mtDNA which are associated with various specific diseases The following 
mtDNA abnormalities are found point mutation (abnormality in one DNA base), deletion (the 
absence of more DNA bases); duplication (non sense duplication of DNA bases), and depletion 
(relative deficiency of mtDNA) In every mitochondrion, there are 2 to 10 copies of the 
mtDNA. If only some of the mtDNA within one mitochondrion has the mutation, this is called 
hctcroplasmy. Signs of disease occur only if a substantial part of the mtDNA has the mutation. 
The inheritance of disturbances in the mtDNA may be sporadic, autosomal recessive, autosomal 
dominant, X-linked, or malemal. 
Until now, only one pathological mutation has been found in one of the nDNA encoded 
subunits of the ETC complexes (complex II, Fp subunit). Disturbances of the ETC may involve 
every organ, and as a result of heteroplasmy, the disease may present at every age. Initial 
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biochemical examinations when an ETC disturbance is suspected include lactate in plasma, in 
24 hour urine, and eventually in cerebrospinal fluid, measurement of lactate, pyruvate and 
ketones in plasma before and after a meal is recommended If an ETC disturbance is strongly 
suspected, but results are normal, special function tests should be done 
The mitochondrial fatty acid oxidation 
Lipids (triglycerides) from nutrition or from body depots can be oxidised in mitochondria to 
acetyl-coenzyme A (acetylCoA). The acetylCoA can serve as a substrate for ketone body 
production, gluconeogenesis or ATP production. Triglycerides are degraded first into glycerol 
and fatty acids (free fatty acids; FFA) Short and medium chain fatty acids can freely pass the 
mitochondrial membranes, and are subsequently metabolised via the so called ß-oxidation 
spiral. The mitochondria have a special transport system for the uptake of long chain fatly 
acids This is the carnitine transport system, including the following enzyme systems: carnitine 
palmitoyltransferase I, carnitine acylcamiline translocase and carnitine palmitoyltransferase II. 
The enzymes involved in the ß-oxidation are substrate specific. This means that, for example, 
long chain enzymes, such as the long chain hydroxy-acylCoA-dehydrogenase (LCHAD), have 
a specific effect on long chain fatty acids As far as is known, only disturbances in LCHAD are 
associated with ocular disorders Initial biochemical examinations include' organic acids in 24 
hour unne, blood total and non-estenfied carnitine and carnitine profiling. 
Peroxisomes 
Peroxisomes are subcellular organelles with various catabolic and anabolic functions. They play 
a role in the catabolic process of very long chain fatty acids, phytanic acid, pipecolic acid and 
glyoxylate Anabolic functions include biosynthesis of bile acids and plasmalogens. 
Peroxisomal diseases are classified in the literature in various ways A possible classification is: 
a) peroxisomal assembly deficiencies with defects in many or all peroxisomal pathways, and b) 
single peroxisomal enzyme deficiencies with involvement of only one peroxisomal pathway 
[Fournier et al , 1994; Wanders et al , 1995]. In contrast to mitochondrial diseases, 
peroxisomal disorders are relatively rare. However, several childhood multisystem disorders 
with prominent ophthalmological manifestations have been ascribed to the malfunction of the 
peroxisome [Folz and Trobe, 1991]. Initial biochemical examinations of patients suspected of 
this group of disorders are: very long chain fatly acids, bile acids, phytanic acid, pipecolic acid 
and prístame acid in plasma, plasmalogens in red blood cells, and organic acids in unne. 
Lysosomes 
The function of lysosomes is the enzymatic degradation of biologic macromolecules like muco-
polysaccharides, (sphingo-)hpids, etc Deficiency of one of the lysosomal enzymes causes 
storage of the biologic macromolecules. The majority of disorders in this group presents with 
psychomotor retardation with regression, sometimes with organomegaly, with or without 
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skeletal abnormalities. Depending on the storage product, screening of a 24 hour unne sample 
is possible. For diseases of the calabolic process of sphmgolipids (e.g., diseases of Niemann-
Pick, Krabbe, Gaucher, and metachromatic leukodystrophy) and some oligosaccharides 
(mucolipidosis II, HI and IV), specific enzyme assays are necessary. 
The endomembrane system 
The Golgi apparatus is, together with the endoplasmic reticulum, secretory vesicles and 
granules, endosomes and lysosomes, part of the endomembrane system This endomembrane 
system aids the transport of macromolecules and membrane components from one part of the 
cell to another. It also accounts for transport out of the cell via the membrane vesicles. Inside 
the Golgi apparatus, post-translational modification can occur, e.g., the O-glycosylation of 
hydroxy amino acid remnants and the phosphorylation of mannose. In the Golgi apparatus, the 
synthesis of glycosaminoglycans, including mucopolysaccharides and sphmgolipids occurs. 
Thus far, only one metabolic disease has been attributed to a disturbance of the Golgi apparatus 
or the endoplasmic reticulum. This is the carbohydrate deficient glycoprotein (CDG) syndrome 
[Jaeken et al., 1993]. This is discussed in the paragraph entitled 'Retina' of this chapter. Initial 
biochemical examination can be performed by isoelectric focusing of serum transferrin. 
Cytoplasm 
All the subcellular organelles discussed above are situated in the cytoplasm or cell plasma A 
number of metabolic pathways occurs in the cytoplasm, e g , those involved in the calabolism 
of amino acids and carbohydrates. The metabolism of methionine is an example of one of the 
metabolic pathways in the cytoplasm. Deficiency of the enzyme cystathionine synthase (CS) 
causes classical homocystinuna. The majority of diseases that are caused by a cytoplasmic 
enzyme deficiency are detectable in a 24 hour unne sample or in plasma. 
THE EYE 
This section presents some metabolic diseases of the eye, presented according to ocular 
anatomy. The disease process can be localised precisely with standard ocular examination (e.g., 
slit-lamp biomicroscopy, ophthalmoscopy) and special function tests (e.g., electro-oculo-
graphy, electroretinography, visually evoked potentials, colour vision examination, visual field 
examination, and fluorescein angiography). 
Cornea 
Deposits in the cornea (corneal clouding) are seen in various lysosomal disorders, disorders of 
lipid metabolism, Wilson's disease, and the amino acid disorder Tyrosinaemia type II. 
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Lysosomal diseases with corneal clouding include· 
Mucopolysaccharidosis type I, IV and VI 
Mucolipidosis type II and III 
a-Mannosidosis 
Aspartylglycosaminuna 
Fabry's disease 
Cystinosis 
Mucopolysaccharidoses (MPS) 
MPS type I is caused by a deficient α-L-iduronidase activity. Hurler disease (MPS IH), the 
most severe form of MPS I, represents the prototype of all MPS- in the first year of life, a delay 
in motor and mental development is observed. Thereafter the patient develops coarse facial 
features, microcephaly, thick skin, hepatosplenomegaly, growth retardation and severe 
deformation of the trunk and extremities Most MPS IH patients die within the first two 
decades. In contrast, patients with Scheie disease (MPS IS) are of almost normal height and do 
not develop mental retardation Some patients exhibit symptoms that are intermediate between 
Hurler and Scheie disease (MPS IH/S) Patients with Morquio disease (MPS IV) are 
characterised by disproportionate dwarfism, joint contractures, kyphoscoliosis and corneal 
clouding. The somatic features of patients with Maroteaux-Lamy disease (MPS VI) resemble 
those of Hurler disease, but without neurological impairment [Beck & Spranger, 1995] Unne 
analysis for the presence of mucopolysaccharides is recommended as the first diagnostic step. 
All the above mentioned MPS are autosomal recessive disorders Cataract is not a frequent 
feature, but it has been described in a number of subtypes- Hurler's syndrome (MPS I H), 
Sanfihppo (MPS III) [Del Canho et al , 1993], and Morquio syndrome (MPS IV) [Olsen et al., 
1993]. 
Mucolipidosis II and III 
Patients with mucolipidosis II (I-cell disease) resemble those with severe Hurler disease. 
Most patients die in the first decade of life. Symptoms of mucolipidosis III (pseudo-Hurler; N-
acetylglucosamine-1-phosphotransferase deficiency) are less severe, with variable dysostosis 
multiplex, growth retardation and joint stiffness Mental retardation is moderate or may be 
absent. Patients with mucolipidosis II and III are usually missed by urinary tests. Therefore, 
enzymatic assays in, e.g., leukocytes are necessary 
a-Mannosidosis is an autosomal recessive metabolic disease due to lysosomal a-mannosidase 
deficiency, leading to accumulation of mannose-nch oligosaccharides in tissues. Characteristic 
cataracts (punctate lenticular opacities with spoke-like or wheel-like postenor capsular opacities) 
[Letson & Desnick, 1978] are associated with mental retardation, Hurler-hke appearance, short 
stature, and hepatosplenomegaly. 
Aspartylglycosaminuria (aspartylglucosaminidase deficiency) is clinically characterised by 
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progressive psychomotor retardation, aggressive behaviour, coarse facial features and mild 
skeletal dysplasia. Epileptic seizures are relatively frequent. This disorder occurs relatively 
frequently in Finland. Only five patients are known of in the Netherlands. The diagnosis can be 
made by urinary oligosaccharide investigation. 
Fabry's disease, or diffuse angiokeratosis, is an X-linked syndrome with vascular skin 
anomalies. Characteristic cornea verticillata (whorl-like epithelial dystrophy) and cataract 
(feathery lens opacities) occur in hemizygous males and heterozygous females. Other 
manifestations include conjunctival and retinal telangiectases, polyneuropathy, pain, hepato-
splenomegaly, nephropathy and cardiomyopathy. Biochemical analysis reveals a storage of 
ceramide tnhexoside due to a deficiency of the lysosomal enzyme ceramide-tnhexosidase, a 
specific alpha-galactosidase [Desmck & Sweeley, 1983]. 
Infantile (nephropathies cystinosis is characterised by renal dysfunction, failure to thrive, short 
stature, hypophosphataemic rickets, and a generalised aminoaciduria. Characteristic crystals can 
be found in the comea. Diagnosis can usually be made by measuring free cystine concentration 
in leukocytes. In patients with a progressive Fanconi syndrome with normal leukocyte cystine 
concentration, determination of cystine concentration in cultured skin fibroblasts is urged. 
Disorders of lipid metabolism with corneal clouding include: hyperlipoproteinaemia II, lecithin 
cholesterol acyltransferase (LCAT) deficiency, and fish eye disease. 
Wibon's disease, or autosomal recessive hepatolenticular degeneration, is a disorder of hepatic 
copper transport leading to toxic effects in the liver and brain (basal ganglia) [Danks, 1995]. A 
brownish discolouration of the anterior lens capsule in a petal-like distribution, gives the 
characteristic "sunflower cataract". Hepatic (almost any symptom of liver disease may be 
present) and neurological presentations (dysarthria and deterioration of coordination and 
voluntary movements) are approximately equally frequent, but are encountered at different 
ages. Hepatic symptoms are most frequent between the ages of 8 and 18 years, where 
neurological presentation is never before 15 years, and most frequent between 20 and 40 years. 
The classical biochemical findings are a moderate to severe reduction in plasma caeruloplasmin 
levels, with only slightly reduced serum copper (indicating an increased non-caeruloplasmin 
copper level) and an increased excretion of copper in urine. Treatment is with penicillamine 
and/or zinc sulphate. 
Tyrosinaemia type II is caused by deficiency of the liver-specific cyloplasmatic enzyme tyrosine 
aminotransferase. The disease is characterised by keratitis, corneal clouding, palmar and plantar 
erosions and hyperkeratosis. Serum amino acid analysis shows an increased tyrosine 
concentration. 
Anterior chamber and aqueous humour 
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Organic acids have been determined in aqueous humour in cases of infant death and cases of 
inherited metabolic disease [Coude et al, 1991]. Aqueous humour could be a suitable material 
for retrospective diagnosis of inherited metabolic disease at autopsy. 
Lens 
Cataract is a frequently occurring sign of a metabolic disorder. It can be observed in various 
enzymatic disturbances localised in the cytoplasm, peroxisomes, mitochondria, and in the 
lysosomes, and may present at any age. 
Metabolic diseases associated with cataract: 
Congenital cataract: Congenital cataract-cardiomyopathy syndrome 
Lowe's oculocerebrorenal syndrome 
Zellweger's syndrome and variants (see 'Retina') 
Rhizomelic chondrodysplasia punctata 
Smith-Lemh-Opitz syndrome 
Maple syrup unne disease 
Mannesco-Sjogren syndrome 
Infantile cataract: Classical galactosemia 
Galactokinase deficiency 
Galactose epimerase deficiency 
α-Mannosidosis (see 'Comea') 
Electron transport chain defects 
Hypoglycaemia [Menn & Crawford, 1971] 
Juvenile cataract: Cerebrotendinous xanthomatosis 
Hypoparathyroidism 
Hypocalcemia 
Homocystinuna (see 'Ectopia lentis') 
Pseudohypoparathyroidism 
Lysinunc protein intolerance 
Siahdosis, type I (see 'Retina') 
Siahsosis, type II (see 'Retina') 
Fabry's disease (see 'Comea') 
Wilson's disease (see 'Cornea') 
Hypolipoproteinaemia (see 'Retina') 
Refsum's syndrome (see 'Retina') 
Sjogren-Larsson syndrome (see 'Retina') 
Wolfram's syndrome (see 'Optic nerve') 
Mucopolysaccharidoses (see 'Comea') 
Alport's syndrome (hereditary familial cong. haemorrhagic nephritis) 
Adult cataract: Phenylketonuria 
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Rhizomelic chondrodysplasia punctata is a lethal peroxisomal disease, characterised by 
proximal limb shortening and coarse stippling of the epiphyseal centres, with autosomal 
recessive inheritance. Bilateral dense cataracts occur in the first months of life [Thiel et al., 
1969; Ryan, 1970; Kretzer et al., 1981, Abcdi, 1982], commonly with psychomotor 
retardation The metabolic disturbance is a peroxisomal defect in plasmalogen biosynthesis, 
phytanic acid oxidation, and thiolase processing [Folz & Trobe, 1991]. In a non-rhizomelic 
variant of this disease, cataract is also present [Poli-The et al., 1991; Smeitink et al, 1992]. 
The congenital cataract-cardiomyopathy syndrome is characterised by congenital cataract, 
hypertrophic cardiomyopathy, mitochondrial myopathy of the skeletal muscles, exercise related 
lactic acidosis, and autosomal recessive inheritance [Sengers et al , 1975, Cruysberg et al., 
1986; Smeitink el al., 1989] Patients present in the first months of life with visual failure and 
muscular hypotonia. Because of dense bilateral congenital cataract, these children will often 
have early aphakia due to lens surgery in the first year of life Other ocular features include 
nystagmus, strabismus, axial myopia and myopic fundus changes [Cruysberg et al., 1986]. 
These patients are mentally normal, but die at a young age Diagnosis is suspected in patients 
with lacüc acidosis and the above mentioned clinical symptoms 
Classical galactosaemia, due to galactose-1-phosphate uridyl transferase deficiency, is an 
autosomal recessive inherited metabolic disease. Patients with this diagnosis have normal 
weight at birth, but as they start drinking milk lose more weight than their healthy peers, and 
fail to regain birth weight. Symptoms appear in the second half of the first week, and include 
vomiting, jaundice, lethargy, hepatomegaly, oedema, and ascites Death from liver and kidney 
failure and sepsis may follow within days [Gitzelman, 1995] Nuclear cataracts appear within 
days or weeks. Cataract formation in galactosaemia is due to the accumulation of galactitol in 
the lens [Stambolian, 1988] Classical galactosaemia is fatal unless galactose is withdrawn from 
the diet early in life It is crucial that milk feeding must be stopped as soon as galactosaemia is 
considered, and resumed only when a galactose disorder has been excluded. Infantile cataracts 
occur also in galactokinase deficiency [Stambolian, 1988] and galactose epimerase deficiency 
[Sardharwalla et al., 1988] 
Lysinuric protein intolerance is a disturbance in the transport of the dibasic amino acids lysine, 
ornithine and arginine Important clinical features include failure to thrive, osteoporosis, 
hepatosplenomegaly, chrome diarrhoea, and interstitial lung problems. Levels of plasma LDH, 
femtme and TBG are permanently elevated These patients have periods of hyperammonaemia. 
Amino acid analysis in unne reveals increased concentrations of the dibasic amino acids. Mild 
opacity of the anterior Y suture has been reported. The aetiology is unknown Treatment, 
restriction of protein; L-citrulline. 
Cerebrotendinous xanthomatosis is an autosomal recessive disease, characterised by juvenile 
cataract and chronic diarrhoea [Cruysberg et al., 1991, Chapter 7], mental and neurological 
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deterioration with cerebellar and pyramidal tract signs, and tendon xanthomas [Cruysberg et al., 
1995; Chapter 8]. The disease is caused by a deficiency of hepatic mitochondrial 27-
hydroxylase, which is involved in the biosynthesis of bile acids. The gene for this enzyme is on 
chromosome 2, and mutations in the gene have been described [Cali et al., 1991]. Treatment is 
with chenodeoxycholic acid. 
Hypoparathyroidism (HP) is characterised by hypocalcaemia, epileptic seizures and cataract. 
Pseudo-hypoparathyroidism (PHP) is an abnormality in the calcium homeostasis in which the 
normal effect of parathormone on the target organ is missing. Several biochemical subtypes are 
possible. 
Lowe's oculo-cerebro-renal syndrome is characterised by congenital cataract, severe mental 
retardation, epilepsy, hypotonia, growth failure, generalised aminoaciduria, and X-linked 
inhen tance. 
Maple syrup urine disease, one of the branched-chain organic acidurias, is an autosomal 
recessive metabolic disorder. Newborns may display cerebral oedema with bulging fontanel, 
arousing suspicion of central nervous system infection, which emits an intense sweet, malty, 
caramel-like odour. Diagnosis is made by urinary organic acid analysis. 
Marinesco-Sjögren syndrome is an autosomal recessive syndrome characterised by congenital 
cataract, spinocerebellar ataxia, mental retardation, and muscular hypotonia. There is evidence 
of a lysosomal storage disorder [Walkeret al , 1985] 
Phenylketonuria or phenylpyruvic oligophrenia is an inborn error of phenylalanine metabolism. 
Untreated it is characterised by mental retardation, epileptic seizures, and brain calcifications. 
Cataract has been reported [Kawashima et al , 1988]. To what extent cataracts occur in 
untreated classical PKU is unknown because of the lack of case reports addressing this 
symptom. Serum amino acid analysis shows an increased concentration of phenylalanine. 
The Smith-Lemli-Opitz syndrome [Smith et al., 1964] is an autosomal recessive syndrome 
characterised by facial abnormalities (ptosis, anteverted nostrils, micrognathia, cleft palate and 
low ears), limb abnormalities (syndactyly of the second and third toes, and postaxial 
Polydactyly) and multiple congenital abnormalities (microcephaly, pseudohermaphroditism, 
neonatal hypotonia, mental retardation, failure to thrive, vomiting, and death occurring in early 
childhood). Dense bilateral cataracts occur in the neonatal period [Kretzer et al., 1981]. 
Recently, this syndrome was found to be associated with a block in the cholesterol synthesis 
[Tint et al., 1994] due to a deficiency of 7-dehydrocholesterol (DHC)A7reductase. Plasma 
cholesterol levels may be low, and increased concentrations of 7-DHC and 8-DHC are found in 
the plasma. 
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Metabolic diseases with Ectopia lentis 
Metabolic diseases lhat occur with ectopia lentis include classical homocyslinuna, sulphite 
oxidase deficiency, molybdène cofactor deficiency (combined sulphite oxidase and xanthine 
oxidase deficiency, caused by lack of molybdène), and hyperlysinaemia. 
Classical homocystinuria 
In the original publications on homocyslinuna, menial retardation and seizures were 
described as important signs of the disease Convulsions, mainly grand mal seizures, are 
reported to occur in about 21% of patients [Mudd el al , 1985] Also psychiatric disorders, 
such as depression and psychosis, have been reported in a number of patients [Mudd et al., 
1985]. Life-threatening cerebrovascular accidents due to occlusion of the carotid arteries or 
intracerebral arteries frequently occur at an early age in untreated homocyslinuna patients 
[Mudd el al., 1985]. The amino acid profile is generally typical of cystathionine ß-synthase 
deficiency and includes homocystinuna and hypcrhomocysteinaemia, hypermethioninaemia, 
and low plasma cystine and cystathionine 
Sulphite oxidase deficiency and molybdenum cofactor deficiency 
Sulphite oxidase deficiency is a rare neuro-ophthalmological disorder with mental 
retardation, muscular ngidity, and bilateral ectopia lentis [Irreverrc et al., 1967, Mudd et al., 
1967; Rosenblum, 1968, Shih et al., 1977]. A combination of deficiencies of xanthine oxidase 
and sulphite oxidase (molybdenum cofactor deficiency) [Duran el al , 1978] has been 
established in a threc-week-old baby with dysmorphic symptoms, bilateral ectopia lentis, 
epilepsy, psychomotor retardation, microphthalmia, nystagmus and pale optic disks [Beemer & 
Delleman, 1980] Chemically, sulphite oxidase deficient patients are characterised by increased 
unnary excretion of sulphite, thiosulphate, S-sulphocysteine and taurine and decreased sulphate 
excretion. The main biochemical findings in molybdenum cofactor deficiency are: hypo-
uncaemia, xanthinuria, an increased excretion of S-sulphocysteine and a decreased excretion of 
inorganic sulphate. 
Hyperlysinaemia 
Hyperlysinaemia is a rare disorder charactensed by mental retardation, hypotonia, spasticity, 
epilepsy, ectopia lentis, spherophakia or normal ocular findings [Smith et al.,1971]. The 
ophthalmic examination of the girl in the onginal case report of hyperlysinaemia revealed no 
ocular abnormalities [Woody, 1964]. 
Vitreous body (vitreous humour) 
Post-mortem vitreous humour analysis from children with the sudden infant death syndrome 
(SIDS) is suggested to be an appropnate analytical strategy when unne is not available [Bennet 
et al., 1992]. However, other authors found that the incidence of metabolic diseases in SIDS is 
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much lower than previously claimed [Holton et al., 1992]. 
Retina 
Various metabolic diseases are associated with disorders of the retina. Retinal key symptoms 
include cherry red spot of the macula and pigmentary retinopathy (e.g , retinitis pigmentosa). 
Cherry red spot of the macula is observed in the following lysosomal storage diseases: 
GMI Gangliosidosis 
GM2 Gangliosidosis: 
Tay Sachs's disease (variant B) 
Sandhoff's disease (variant O) 
Niemann-Pick, type А, С and D 
Multiple sulphatase deficiency 
Siahdosis type I 
Sialidosis type II (Galactosialidosis; neuraminidase deficiency) 
Nephrosiahdosis 
Sialidosis, type 7, is ал autosomal recessive metabolic disorder (mucolipidosis) characterised 
by a cherry red spot and myoclonus syndrome [Swallow et al., 1979]. Perinuclear, deep 
cortical, cataract or punctate subcapsular cataract are present [Thomas et al., 1979]. Visual 
failure is caused by the cataracts and cherry-red macula. Neurological signs include dysarthria, 
ataxia, and intention myoclonus in early adult life, but intelligence is normal. Biochemical 
diagnosis is made after finding a deficiency in lysosomal neuraminidase with normal ß-
galactosidase, and large amounts of sialylated oligosaccharide in the unne and a deficient 
sialidase activity in cultured fibroblasts. 
Sialidosis, type 2 (galactosialidosis, adult form), is a rare metabolic disease caused by the 
decrease of the 'protective' protein which is necessary for activating both p-galactosidase and 
sialidase, and is charactensed by myoclonus, cerebellar ataxia, epilepsy, mental retardation, 
gargoyle features, skeletal dysplasia, angiokeratoma, and visual disturbances. Bilateral punctate 
lenticular opacities were observed in 2 out of 3 adult cases [Usui et al., 1991]. Other ocular 
signs include a cherry-red spot of the macula, corneal deposits in the deep corneal stroma, and 
optic nerve atrophy [Usui et al., 1993]. In this lysosomal disorder, there is decreased enzymatic 
activity of both ß-galactosidase and neuraminidase (sialidase). 
Pigmentary retinopathy 
Metabolic pigmentary retinopathies in children occur in several of the peroxisomal disorders, 
inborn errors of lipid metabolism, neuronal ceroid lipofuscinosis, electron transport chain 
disorders, the carbohydrate-deficient glycoprotein syndrome, cobalamin metabolism defects 
(СЫ C), and in gyrate atrophy with ornithine amino transferase (OAT) deficiency [Poli-The et 
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al., 1992]. These systemic disorders with retinal pigmentary retinopathy do not always show 
the clinical picture of classical retinitis pigmentosa, with bony spicule retinal dystrophy, narrow 
arterioles, waxy pallor of optic discs, progressive night blindness, constriction of visual fields 
with near normal central vision, and extinguished electroretinograms. 
The following classification of retinal metabolic disease can be used' 
Peroxisomal diseases 
Zellweger's syndrome and related disorders 
Neonatal adrenoleukodystrophy 
Acyl-CoA oxidase deficiency 
Infantile Refsum disease 
Classical Refsum disease 
Disorders of lipid metabolism (not peroxisomal) 
Sjogren-Larsson syndrome 
Abetahpoproteinaemia 
LC-3-hydroxyacyl-CoA dehydrogenase def. 
Neuronal ceroid lipofuscinosis 
Santavuon-Haltia 
Jansky-Bielschowsky 
Spielmeyer-Vogt 
Carbohydrate-deficient glycoprotein syndromes 
CDG syndrome type 1 
Electron transport chain defects 
Keams-Sayre syndrome 
other disorders 
neonatal 
neonatal 
neonatal 
infantile 
juvenile 
neonatal 
infantile 
infantile 
infantile 
late infantile 
juvenile 
infantile 
adolescent, adult 
van ed 
Zellweger's syndrome is an autosomal recessive peroxisomal disease characterised by prenatal 
cerebral dysgenesis, hepatic dysgenesis, and microcystic kidneys. Tapetoretinal degeneration, 
cataract, severe mental retardation, hearing impairment, epilepsy, and hypotonia are neuro-
ophthalmic features. Life expectancy is mostly less than one year 
Neonatal adrenoleukodystrophy Patients with this generalised peroxisomal disorder are 
somewhat less severely affected than classical Zellweger syndrome patients. Facial dys-
morphism is not always present. After a short symptom-free interval, progressive deterioration 
sets in. Most patients die before the age of 6 years 
AcylCoA oxidase deficiency or pseudo-neonatal adrenoleukodystrophy, is characterised by 
severe hypotonia, mental retardation, seizures, without dysmorphic features [Poli-The et al., 
1988]. 
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Classical Re/sum disease, or heredopathia atactica hemeralopica polyneuntiformis [Refsum, 
1946], is an autosomal recessive inborn error associated with a deficiency of phytanic acid a-
oxidation. Retinitis pigmentosa is an essential sign. Other less important ocular manifestations 
are cataract, miosis, corneal oedema, external ophthalmoplegia with or without ptosis, 
glaucoma, nystagmus, optic atrophy and ectopia lentis Neurological signs include 
polyneuropathy, spinocerebellar ataxia, anosmia, and sensorineural deafness. Other systemic 
manifestations are ichthyosis and cardiomyopathy. 
Infantile Refsum disease is similar to classical Zellweger syndrome, both biochemically and 
with the absence or significantly decreased number of liver peroxisomes In infantile Refsum 
disease developmental milestones are usually normal, before slowing sets in between the ages 
of 1 and 3 years. 
Sjögren-Larsson syndrome is an autosomal recessive syndrome characterised by congenital 
ichthyosis, mental retardation, short stature and pyramidal tract spasticity (diplegia or 
tetraplegia). The major ocular sign is a characteristic macular degeneration [Gilbert et al., 
1968]. Impaired fatty alcohol oxidation in cultured fibroblasts due to deficient alcohol NAD+ 
oxidoreductase activity is established [Rizzo et al, 1988] 
Pigmentary retinopathy is a major sign ol abetahpoproleinaemia (Bassen-Kornzweig 
syndrome) Systemic manifestations include steatorrhoea, diarrhoea, specific defects in fat 
absorption, hypotonia, muscle wasting, sensory neuropathy, areflexia, ataxia and spino-
cerebellar degeneration Hypolipoproteinaemia is characterised by low high-density lipoprotein 
cholesterol and low apohpoprotein B. Fine sutural cataracts, associated with fat malabsorption, 
vitamin E deficiency and scoliosis, have been reported in a 6-week-old male infant who 
required removal of bilateral cataracts by 11 years of age [Griffiths et al., 1988]. Striking 
neurological improvement after a low fat diet and treatment with vitamin E has been reported 
[Griffiths et al., 1988] 
Of the mitochondrial fatty oxidation defects, only long-chain 3-hydroxyacylCoA 
dehydrogenase (LCHAD) deficiency is associated with a pigmentary retinopathy [Schnjver-
Wiehngetal., 1996]. 
The neuronal ceroid lipofuscinosis subtypes are classified according to the age at presentation 
[Goebel, 1992]. Macular degeneration is present in all types. With the exception of the 
Santavuon type, all other types show an abnormal aggregation of retinal pigment. Diagnosis is 
suspected by finding vacuolated lymphocytes and confirmed by electron microscopy of skin or 
rectal biopsy, which shows granular, curvilinear or fingerprint inclusions in the neurones. In 
the lysosomes from the Jansky-Bielschowsky and Spielmeyer-Vogt type, an abnormal 
accumulation of subumt с from the mitochondrial ATP-synthase complex is observed 
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Carbohydrate deficient glycoprotein syndrome 
In recent years, Jaeken and co-workers [Jaeken el al , 1991, Hagberg et al., 1993; Jaeken et 
al., 1993; Jaeken & Carchon, 1993] recognised a new group of genetic disorders that were 
biochemically characterised by a deficiency of the number of carbohydrates in glycoprotein 
molecules: the carbohydrate-deficient glycoprotein (CDG) syndrome. Esotropia, in combination 
with failure to thrive, feeding problems, psychomotor retardation, hypotonia, inverted nipples, 
and lipodystrophy in the first year of life, is practically pathognomonic for the CDG syndrome 
type I. Very recently, this type of the CDG syndrome was shown to be caused by a disturbance 
in the mannose pathway due to a deficient phosphomannomutase activity CDG syndrome type 
II is due lo a deficiency of the Golgi enzyme N-acetylglucosaminyl transferase II. The basic 
defects of other types are still unclear The CDG syndromes are clinically characterised by 
recessively inherited multisystem disorders in childhood with involvement of mainly the 
nervous system (cerebellar hypoplasia) and eyes (retinitis pigmentosa and congenital esotropia) 
Biochemically, there is a disturbance of the terminal tnsacchandes of oligosaccharide chains of 
secretory glycoproteins. The diagnosis of CDG syndrome is made with iso-electnc focusing of 
serum transferrin. 
Pigmentary retinopathy may be present in several electron transport chain disorders, e.g., 
Keams-Sayre syndrome (see paragraph, extraocular muscles) 
Optic nerve 
Leber hereditary optic neuropathy (LHON) is a clinical disorder characterised by the familial 
occurrence of bilateral optic neuropathy, with visual loss in the second or third decade, central 
scotomas and dilated telangiectatic non-leaking peripapillary capillaries or optic disk atrophy. 
Transmission of the disorder is via a mitochondrial inheritance mechanism in which 
transmission is only by females, and males are mainly affected. In recent years it has been 
discovered that LHON is associated with genetic mutations in the mtDNA (LHON point 
mutations 11.778, 3460, and 14.484), which makes it possible to establish the diagnosis from 
DNA studies in a blood sample. It has been recognised that patients with the mtDNA mutation 
of LHON do not always fit into the previous clinical entena for LHON [Swartz & Savino, 
1994]. 
Wolfram's syndrome is characterised by the association of juvenile diabetes mellitus and 
juvenile optic atrophy as a familial event. Known by the synonym DIDMOAD syndrome it 
includes diabetes insipidus, diabetes mellitus, optic atrophy, and deafness (and anosmia). 
Juvenile cataracts have been reported [Mtanda et al., 1986]. In only a few families was a 
mitochondnal DNA alteration (deletion or point mutation) found. Recently a nuclear gene has 
been mapped to chromosome 4p in some families with this syndrome [Seyrantepe, 1996]. 
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Extraocular muscles 
Ptosis, strabismus, and ophthalmoplegia are relatively frequent signs in patients with a 
disturbance of mitochondrial energy production There is a disturbance in the production of 
ATP from glucose Since mitochondria are present in nearly all cells, this disturbance of the 
normal energy metabolism may give rise to a multisystem disease Such diseases may present at 
any age, and, depending on the cause, may have any mode of inheritance 
Chrome progressive external ophthalmoplegia (CPEO) is a slow progressive paresis of the 
extra-ocular muscles (exotropia, ophthalmoplegia), including the palpebral levator muscle 
(ptosis) CPEO may be isolated or associated with other organ signs as in the Kearns Sayre 
syndrome (KSS) This is characterised by CPEO, pigmentary retinopathy, heart block, ataxia, 
muscle weakness In KSS there is a deletion or insertion of mitochondrial mtDNA Inheritance 
is sporadic Recently, autosomal dominant inheritance has been described in a family were 
CPEO was associated with other signs caused by multiple mtDNA deletions If the disorder is 
suspected, examination of mtDNA in blood or muscle can be performed Lactate in plasma is 
often increased 
Ptosis can be a part of many other syndromes, e g , Smith Lemh-Opitz syndrome (see 
'Lens') Strabismus is a common finding in all patients with dense congenital cataracts, as a 
result of visual deprivation It therefore will accompany many metabolic disorders that present 
in the first year of life with a visual handicap, e g , the congenital cataract-cardiomyopathy 
syndrome (see 'Lens') Congenital esotropia is frequently found in the carbohydrate deficient 
glycoprotein syndrome (see 'Retina') 
Skin (eyelids) 
Xanthelasmas are flat yellow tumours of the soft connective tissue that often occur in the 
eyelids Xanthelasmas are seen in LDL-receptor deficiencies and other dyslipidaemias 
CONCLUSION 
Many inborn errors of metabolism are associated with abnormalities of the eye, including the 
comea, aqueous humour, lens, vitreous, retina, optic nerve, extraocular muscles, and the skin 
of the eyelids The arousing of suspicion by such abnormalities can often lead to a diagnosis 
and treatment which may reduce future complications of the disease process 
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Abstract 
We studied 12 patients from six unrelated families with a syndrome that has an autosomal 
recessive pattern of inheritance and can be diagnosed from clinical, histologic, and biochemical 
character!sties. The four major symptoms are congenital cataract, hypertrophic cardiomyopathy, 
mitochondrial myopathy of voluntary muscles, and exercise-related lactic acidosis The patients 
had bilateral and total cataract in the first weeks of life, underwent cataract surgery, and 
developed nystagmus and strabismus. Corrected visual acuity was lower than 20/40 in aphakic 
eyes. Patients were mentally normal, and at school age they visited a school for blind and 
visually impaired children. The majority of the patients developed axial myopia with myopic 
fundus changes; aphakic refraction usually was lower than 10.0 diopters after the first decade 
The cardiac myopathy was progressive and the cause of premature death. Three of the 12 
patients died in the neonatal period and six patients died in early adulthood. 
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INTRODUCTION 
Congenital cataract is frequently associated with heart disease in the congenital rubella 
syndrome,ι but rarely in any other case.2 Since 1970, we have studied 12 patients from six 
unrelated families with a hereditary clinical syndrome characterized by congenital cataract, 
hypertrophic cardiomyopathy, mitochondrial myopathy of voluntary muscles, and exercise-
related lactic acidosis. In 1975, these findings were described by Sengers and associates,3 and 
now are registered as an inherited disease, Registry No 21235 on the McKusick Register.4 The 
ocular and systemic features of the patients we have studied to date are reported here. 
SUBJECTS AND METHODS 
The first patient recognized with this syndrome was bom Sept 22, 1970, with bilateral 
congenital cataract. At 3 months old she suffered from cardiorespiratory problems Pediatric 
evaluation disclosed cardiomegaly The finding of normal acid-l,4-glucosidase activity 
excluded Pompe's disease Electron microscopy of a muscle biopsy specimen showed 
structurally abnormal mitochondria. Laboratory studies performed at 3 years of age showed an 
exercise-related lactic acidosis, probably caused by a disturbed pyruvate oxidation 
This combination of clinical, histologic, and biochemical findings3.5 was looked for in other 
patients with congenital cataract at our hospital Associated cardiomegaly was the most 
important key in tracing the patients. 
Ocular data were studied in 12 patients with the diagnosed syndrome of congenital cataract, 
hypertrophic cardiomyopathy, mitochondrial myopathy of voluntary muscles, and exercise-
related lactic acidosis Ocular data from before 1975 were reviewed retrospectively from the 
files of the Institute of Ophthalmology and the School for Blind and Visually Impaired 
Children. Patients still living had ocular examinations, including visual field examination, 
electroretinography, electro-oculography, visual-evoked cortical potentials, echo-ophthalmo-
graphy, and elaborate color vision testing 6-8 When possible, audiometrie screening was 
performed. Postmortem studies were also performed, including light microscopy of the eye and 
electron microscopy of the lens. All parents and a number of unaffected siblings received a 
routine ocular examination. 
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Figure 1 (Cruysberg and associates). Pedigrees of 12 affected patients 
demonstrating familial occurrence, autosomal recessive transmission of the 
syndrome, and high mortality. 
RESULTS 
The syndrome characterized by congenital cataract, hypertrophic cardiomyopathy, 
mitochondrial myopathy of voluntary muscles, and exercise-related lactic acidosis was 
established in 12 of 33 children from six unrelated families (Fig. 1). The clinical and ocular 
findings are summarized in Tables 1 and 2, respectively. There were four male and eight 
female patients, all mentally normal None of the parents had ocular, cardiac, or electro-
myographic signs of the syndrome. Nine of the 12 patients died young (mean, 15 years; 
ranges, 7 to 18 days and 14 to 34 years). 
In the first days or weeks of life, all but one patient had leukocona, caused by bilateral total 
cataracts. The only exception, Patient 9 (D-5), had bilateral nuclear cataracts that were 
discovered when he was five years old. Eight patients had bilateral cataract extractions when 
they were between 2 and 6 months old. Patient 9 (D-5) had cataract extractions when he was 5 
years old, and three patients (Patients 10, 11, and 12) died before cataract surgery could be 
performed. 
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Table 1 - Systemic Features of the Syndrome 
NO 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
PATIENT 
PEDIGREE 
A-l 
B-3 
B-6 
B-12 
C-l 
C-6 
C-9 
D-3 
D-5 
E-l 
F-l 
F-2 
SEX 
F 
F 
M 
F 
F 
F 
F 
F 
M 
F 
M 
M 
DECEASED 
(AGE) 
-
14 yrs 
21 yrs 
25 yrs 
34 yrs 
19 yrs 
-
23 yrs 
18 days 
9 days 
7 days 
FIRST SIGNS S 
OF THE SYNDROME 
Calaracl 
Cardiomegaly 
Cataract* 
Cardiac decompensation 
Cataract* 
Cardiomegaly 
Cataract 
Cardiomegaly 
Heart murmur 
Cataract 
Electrocardiographic signs 
of cardiomyopathy 
Cataract 
Heart murmur 
Cataract 
Heart murmur 
Cataract 
Heart murmur 
Cardiomegaly 
Cataract** 
Cardiomegaly 
Cataract 
Cardiomegaly and 
cardiac decompensation 
Cataract** 
Cardiomegaly and 
cardiac decompensation 
Cataract 
Cardiomegaly and 
cardiac decompensation 
AGE AT WHICH 
YMFTOMS WERE 
DOCUMENTED 
3 mos 
3 mos 
1 mo 
14 yrs 
5 days 
14 yrs 
10 days 
2 mos 
4 mos 
1 mo 
20 yrs 
14 days 
8 yrs 
1 mo 
7 yrs 
1 mo 
13 yrs 
25 yrs 
5 yrs 
18 yrs 
8 days 
8 days 
9 days 
9 days 
1 day 
1 day 
•Mitochondrial myopathy of voluntary muscles not recorded 
**Exercise-relaled lactic acidosis and mitochondrial myopathy of voluntary muscles not recorded 
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Table 2 · Ocular Findings in the Syndrome 
CONDITION NO OF ABNORMAL EYES/ 
NO OF EXAMINED EYES % 
Cataract 24/24 
Discovered before age 6 mos 22/24 
Discovered after age 6 mos 2/24 
Aphakia 18/24 
Before age 6 mos 16/24 
At age 6 mos 16/18 
Atage6yrs 18/18 
Subnormal vision (< 20/40) 23/24 
Before lens extraction 24/24 
After lens extraction, corrected 17/18 
Nystagmus (ocular, acquired) 16/18 
Strabismus (esotropia, acquired) 16/18 
Microcornea (< 10 mm) 0/18 
Megalocomea (> 12 mm) 0/18 
Corneal dystrophy (acquired) 1/24 
Aphakic refraction < 10.0 D 11/14 
Aphakic refraction > 14.0 D 0/14 
Macrophthalmos (axial length > 
mean + 2 SD = 25.9 mm; adults) 3/6 
Microphthalmos (axial length < 
mean - 2 SD = 22.5 mm; adults) 0/6 
Pigmentary fundus changes (adults) 8/18 
Pale optic disk 8/18 
Glaucoma 1/24 
Subnormal electroretinogram 3/6 
Subnormal electro-oculogram 0/6 
Negative pattern reversal 
visual-evoked potenüal 6/6 
Negative flash 
visual-evoked potenüal 0/6 
Color vision defect 3/6 
100 
92 
8 
75 
67 
89 
100 
96 
100 
94 
89 
89 
0 
0 
4 
79 
0 
50 
0 
44 
44 
4 
50 
0 
100 
0 
50 
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Figure 2 (Cruysberg and associates). Cardiomegaly on 
chest x-rays. Top, at age 2 months (Patient 4, B-12). 
Bottom, at age 18 years (Patient 6, С-6). 
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Hypertrophic cardiomyopathy and cardiomegaly were present in all patients; none had 
cyanosis. In some patients, cardiomegaly had been documented in the chest x-rays taken before 
cataract extraction (Fig. 2). However, the importance of this finding was not clear at that time. 
Electrocardiographically there appeared to be enormous ventricular hypertrophy, primarily of 
the left side, with abnormal Τ waves. Hypertrophic obstructive cardiomyopathy was diagnosed 
during catheterization or echocardiography, and confirmed during open heart surgery or 
necropsy (Fig. 3). 
Figure 3 (Cruysberg and associates). Hypertrophic 
cardiomyopathy confirmed by necropsy (Patient 3, B-6). 
Cardiomyopathy was asymmetric with the most pronoun­
ced thickening in the posterior part of the cardiac septum. 
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All of the patients were easily fatigued, especially during prolonged walking. Electromyo-
graphically strong evidence of myopathy of voluntary muscles was seen. Pronounced changes 
in the ultrastructure and distribution of mitochondria in the skeletal muscle fibers were the most 
prominent histopathologic findings (Fig. 4). Detailed histopathologic studies of some of our 
patients have been reported elsewhere.3,5 
Figure 4 (Cruysberg and associates). Abnormal mitochondria in subsarcolemmal 
area of skeletal muscle fiber (Patient 8, D-3). These mitochondria contain crystals 
(arrows) lying between the inner and outer membranes of the mitochondria. Note 
the presence of annular granular particles in the mitochondrial matrix and the 
abundance of glycogen around the mitochondria, (bar = 1 μτη.). 
In the resting state, no abnormalities were found in serum acid-base studies, concentrations 
of electrolytes, glucose, lactate, pyruvate, alanine, ketoacids, creatine kinase, or tolerance tests 
with glucose, galactose, and glucagon. However, when the patients exercised submaximally 
for 60 minutes, a metabolic acidosis with increased lactic acid levels (7.8 to 10.6 mmol/1) was 
always found. Normal lactic acid values (0.5 to 1.8 mmol/1) were found in control subjects. 
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Before cataract extraction, visual acuity was limited to light perception in all patients After 
cataract extraction, visual acuity ranged from counting fingers to 20/40 (average, 20/200) Only 
patient 9 (D-5) achieved visual acuity of 20/40 in one eye At school age all patients attended a 
school for blind and visually impaired children 
Of the patients who survived the first months of life only Patient 9 (D-5) did not develop 
nystagmus and strabismus The eight others had horizontal nystagmus of ocular origin and 
alternating esotropia with a small angle of squint 
Refraction was not measurable before cataract surgery Aphakic refraction was lower than 
10 00 D in patients older than 12 years, except for Patient 1 (A-l), which ranged from +3 00 to 
+14 00 D (average, +7 00 D) and there was slight astigmatism at an oblique axis (0 50 to 2 00 
D) 
Horizontal corneal diameters were all normal (10 to 11 mm) Comeas were clear, except the 
right cornea of Patient 1 (A-l), which was dystrophic because of several episodes of high 
intraocular pressure after cataract extraction Postmortem light microscopy of the cornea of 
Patient 12 (F-2) demonstrated normal findings 
Pupillary appearance and reactivity to light were generally normal before cataract extraction 
Aphakic eyes showed markedly reduced reactivity caused by postenor synechia Congenital 
cataract or subsequent aphakia was present in all patients Electron microscopy of the lens of 
Patient 10 (E-l) disclosed multiple well-circumscnbed depositions of electron-dense material in 
the cytoplasm of different lens fibers (Fig 5) 
Ophthalmoscopic examination of the adult patients showed variable degrees of myopic 
crescent at the optic nerve head The optic disks of four patients (Patients 3, 4, 5, and 8) were 
pale without excavation Four adult patients (Patients 3, 4, 7, and 8) showed bilateral changes 
in the postenor poles (Fig 6) pigment irregulanty (Patient 8, D-3), pigment clumping (Patient 
3, B-6), atrophy (Patient 4, B-12), and linear breaks (Patient 7, C-9) By light microscopy the 
retina was normal in the neonatal penod (Patients 10 and 12) Retinal vessels were normal In 
all patients the penpheral fundus was difficult to visualize because of small pupils and after-
cataract. 
Intraocular pressure was normal, except for the nght eye of Patient 1 (A-l), which had 
secondary glaucoma after cataract extraction Visual field examination performed in Patients 1 
(A-l), 7 (C-9), and 8 (D-3) showed a generalized decrease in sensitivity for all sümuli, without 
scotomatous defects, except for the glaucomatous field loss in the nght eye of Patient 1 (A-l) 
By echo-ophthalmography axial length measurements in adult patients disclosed relatively 
large eyes (average, 26 2 mm, range, 22 5 to 29 0 mm) Electroretinography findings were 
normal in both eyes of Patient 1 (A-l) and in the nght eye of Paüent 7 (C-9), and subnormal in 
the left eye of Patient 7 (C-9) and in both eyes of Patient 8 (D-3) Cone and rod funcüons were 
diminished The other patients died before electroretinography was performed As shown by 
electro-oculography, the ratio of the light peak to dark trough was normal in both eyes of the 
three examined patients (Patients 1, 7, and 8) 
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Fig. 5 (Cruysberg and associates). Top, Electron micrograph of partly visible lens fibers 
containing focal accumulations of mainly spherical structures with varying electron density 
(xl0,500). Bottom, At higher magnification the large structures disclose an amorphous or 
finely granular content; whereas, the smaller dark structures appear lamellar (x25,000). 
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Figure 6 (Cruysberg and associates). Reticular breaks at the 
posterior pole and myopic crescent at the optic nerve head. Top lefi, 
Right eye of patient 7 (C-9). Top right, Left eye of Patient 7 (C-9). 
Bottom, pigment irregularity at the posterior pole, myopic crescent at 
the optic nerve head, pale optic disk (Patient 8, D-3). 
Visual-evoked cortical potentials were normal with flash stimulation and negative with 
pattern reversal stimulation in both eyes of Patients 1, 7, and 8. Color vision was normal in 
Patient 1 (A-l). In Patient 7 (C-2) color vision tests disclosed pseudoprotanomaly and normal 
lightness discrimination in both eyes. In Patient 8 (D-3) both eyes showed an acquired type II 
red-green defect in 1986 (36 years); whereas in 1972 (22 years) color vision had been normal 
(Fig. 7). 
Patient 4 (B-12) was the only patient with hearing problems. Audiometrie examination of 
this patient disclosed severe bilateral hearing loss in the range over 1,000 Hz. Audiometrie 
screening of Patient 1 (A-l), Patient 7 (C-9), and Patient 8 (D-3) was normal. 
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Figure 7 (Cruysberg and associates). Results of Farnsworth Muriseli 100 hue 
test in Patient 8 (D-3). Top, Results in 1972. Bottom, Acquired type II red-green 
defect in 1986. 
DISCUSSION 
Since the description of our first patients in 1975,3 the four major symptoms of the syndrome 
have remained unchanged: congenital cataract, hypertrophic cardiomyopathy, mitochondrial 
myopathy of voluntary muscles, and exercise-related lactic acidosis. Since then, we have 
diagnosed the syndrome at a much younger age, even immediately after birth, mainly by 
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examining patients with both congenital cataract and cardiopathy. 
Congenital cataracts are frequently associated with other ocular or systemic defects 9,io The 
association with heart disease has been described only sporadically,2·9-'3 except in the 
congenital rubella syndrome, ι None of these reports, however, are similar to the hereditary 
syndrome we describe here. The classical maternal rubella syndrome, as described by Gregg, ' 
consists of eye, ear, and heart defects. The common heart defects in the rubella syndrome are 
congenital malformaüons, such as patent ductus arteriosus, pulmonary stenosis, and ventricular 
septal defects; whereas, in our patients cardiomegaly and hypertrophic obstructive cardio-
myopathy with structurally abnormal mitochondria are the most important cardiac findings.5 
Only one of our 12 patients had sensorineural deafness. 
Ocular anomalies associated with congenital cataract include congenital defects of the eye· a 
persistent hyperplastic primary vitreous, aniridia, colobomas, and microphthalmos.9 However, 
in this syndrome these findings are absent. In particular, microphthalmos is not a feature of the 
syndrome, whereas, diminished visual acuity, nystagmus, strabismus, myopic fundus changes, 
as well as bilateral congenital cataract or subsequent aphakia are usual features. 
Early and severe visual deprivation is a definite sign of this syndrome since all but one 
patient developed nystagmus and strabismus. Several studies have shown that the enti cal period 
for developing the fixation reflex in both unilateral and bilateral visual deprivation disorders is 
between 2 and 4 months of age '4.15 Our patients developed total cataracts before this age. 
The cause of axial myopia in our patients is not clear However, the absence of clear vision 
in the neonatal period may have led to myopia, comparable with the development of uniocular 
axial myopia in the human infant who has had significant eyelid occlusion in the neonatal 
period.16 
In the patients examined by electroretinography and electro-oculography there were no signs 
of tapetoretinal dystrophy. Color vision examination showed normal color vision and pseudo-
protanomaly, probably caused by myopia. Acquired optic nerve involvement has been 
documented in one of the four patients with pale optic disks. 
The increased blood lactate concentrations are probably caused by impaired oxidation of 
pyruvate in the muscles resulting from lack of oxygen in the cell. Since the lens is vascularized 
for a limited time during fetal development, impaired oxygen delivery might also explain the 
occurrence of congenita] cataract in this syndrome. Impaired oxygen delivery can cause cataract 
in experimental studies. 17 
The familial occurrence and the autosomal recessive inheritance of the syndrome is clear 
from the six pedigrees; consanguinity could not be demonstrated It is remarkable that the 
patients in families E and F died in the neonatal period; whereas, in families B, C, and D the 
patients died in early adulthood. The cardiac involvement is apparently progressive and the 
cause of premature death. Our oldest living patient is 37 years. 
Congenital cataract should be looked for in patients who die from cardiomyopathy in the 
neonatal period. 
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In diagnosing this syndrome, patients with congenital cataract should be examined for 
cardiomyopathy. If found, further histologic and biochemical studies for this syndrome are 
indicated. The correct diagnosis is important for prognosis and genetic counseling. To date, 
there is no known curative therapy, but heavy exercise should be avoided. 
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Chapter 6 Presumed congenital rubella syndrome 
LETTER TO THE EDITOR 
Sir, - In the congenital rubella syndrome ocular and cardiac abnormalities result from fetal 
infection with the rubella virus in the first trimester of pregnancy. However, there is an 
inherited disease with abnormalities of the eye and heart that might be diagnosed as congenital 
rubella by those unfamiliar with the hereditary syndrome 
At our hospital hereditary congenital cataract with hypertrophic cardiomyopathy ι has been 
diagnosed in 12 Dutch patients, some of whom had previously been thought to have a virus 
embryopathy. That the hereditary syndrome can be confused with congenital rubella is 
confirmed by a report of three other Swiss cases in which, as a consequence of the wrong 
diagnosis of rubella embryopathy, the recurrence risk was erroneously judged to be very 
small. 2 
Despite their apparent similarity the two disorders are distinguishable Most patients with 
congenital rubella presenting in the first year of life can be identified by serological features of 
the infection and many by isolation of the virus as well. The commonest cardiac abnormalities 
in the congenital rubella syndrome are patent ductus arteriosus, ventricular septal defect, and 
peripheral pulmonary stenosis, whereas that in the hereditary syndrome is cardiomyopathy. 
Hence in newborn children the congenital cataract cardiomyopathy syndrome should be 
sought when a baby with dense bilateral congenital cataracts presents with a cardiac abnormality 
and vise versa. In children and young adults a thorough search for this syndrome is worthwhile 
if the patient, since childhood, has been affected with the following combination of cardiac and 
ocular symptoms: heart disease (hypertrophic cardiomyopathy), aphakia, nystagmus and 
strabismus. 
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Abstract 
Cerebrotendinous xanthomatosis was diagnosed in three children who presented with bilateral 
cataract and a history of chronic diarrhea since infancy. We suggest that the finding of this 
association, the juvenile cataract and chronic diarrhea syndrome, may represent the earliest 
clinical manifestation of cerebrotendinous xanthomatosis. Performance of urine gas chromato-
graphy in such cases may lead to an earlier diagnosis and a better prognosis of this disabling 
disease. 
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INTRODUCTION 
Cerebrotendinous xanthomatosis is an autosomal-recessive metabolic disease that is almost 
never diagnosed in childhood, probably because of the absence of xanthomas in young patients 
and the absence of abnormalities in routine examinations of blood, urine, and cerebrospinal 
fluid.1·2 However, a late diagnosis without therapy is harmful to the patient because the disease 
has a progressive course, which leads to severe mental and neurologic deterioration.2 
We diagnosed cerebrotendinous xanthomatosis in young patients by performing specific 
biochemical studies3 m children with unexplained bilateral juvenile cataract and a history of 
chronic diarrhea since infancy. 
CASE REPORTS 
Case 1 
A 6-year-old girl was referred, together with her brother, to the Institute of Pediatrics, 
University Hospital Nijmegen, because of chronic diarrhea since infancy. Bilateral cataract had 
been diagnosed three years previously in both patients. Extensive examination in another 
institution had not led to a specific diagnosis to explain the two unusual features. 
Ocular examination of the girl on June 25, 1990, disclosed visual acuity of R.E.' counting 
fingers at 4 m and L E : counting fingers at 2 m Ocular movements were full, and no 
nystagmus was noted. Slit-lamp examination showed a bilateral cortical cataract with multiple 
irregular line-shaped opacities, in addition to a postenor subcapsular cataract that was more 
dense in the left eye than in the right. The line-shaped opacities had a radial arrangement and 
were mostly white, however, some were blue The nucleus of the lens was clear The 
ophthalmoscopic findings were normal. 
Case 2 
Ocular examination on June 25, 1990, of the 12-year-old brother disclosed visual acuity of 
R.E.: 20/40 and L.E.: 20/25. The ocular findings were the same as in his sister (Case 1), 
except that there was no postenor subcapsular opacity in the bilateral cataract. 
Although a common cause of the cataract and the diarrhea was a possibility, our search for 
such an entity yielded no references in the literature. However, during a search in our files of 
patients with early cataracts, chronic diarrhea was noted in an adult patient in whom 
cerebrotendinous xanthomatosis had been diagnosed Gas chromatography was performed in 
our patients in December 1990 to determine urinary bile alcohols (Figure) The results 
confirmed the diagnosis of cerebrotendinous xanthomatosis in both children, neither of whom 
had xanthomas. Chenodeoxycholic acid therapy resulted in a marked reduction of abnormal 
urinary bile alcohols. 
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Figure (Cruysberg, Wevers, and Tolboom). Urinary gas chromatography of bile alcohols. 
A, Normal pattern shows no spikes after internal standard (IS). B, Abnormal urinary bile 
alcohols in Case 2 at the time of diagnosis of cerebrolendinous xanthomatosis. C, Reduction 
of abnormal urinary bile alcohols in Case 2 after treatment with chenodeoxycholic acid. 
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Case 3 
A 12-year-old boy was referred to us June 11, 1991, because of a severe decrease of vision 
caused by the progression of bilateral cataract The cataracts had been diagnosed by an 
ophthalmologist three years previously, but did not interfere with vision at the time when 
bilateral anterior polar cataract was diagnosed At age 7, when the child underwent an extensive 
neuropediatnc examination because of learning problems, psychomotor retardation of unknown 
origin was diagnosed The parents stated that the boy had had chronic diarrhea since infancy 
Visual acuity was R E hand motions at 1 m and L E counting fingers at 4 m Ocular 
movements were full, and no nystagmus was noted Slit-lamp examination of the right lens 
showed a total white cataract with a capsular fold in the anterior polar region The left lens 
showed homogeneously small opacificatons, resembling flakes, in the whole lens in addition to 
a dense anterior polar cataract The fundus was not visible in the right eye, and indirect 
ophthalmoscopy showed no abnormality in the left eye 
On the basis of the experience in Cases 1 and 2, that progressive bilateral cataracts 
associated with a history of chronic diarrhea may be the initial clinical sign of ccrcbrotendinous 
xanthomatosis, gas chromatography for bile alcohols of unne was performed Results 
confirmed the diagnosis of cerebrotendinous xanthomatosis biochemically Xanthomas were 
absent in the child 
DISCUSSION 
The results in our three patients confirm that it is possible to diagnose cerebrotendinous 
xanthomatosis in a patient at a young age by performing gas chromatography for the presence 
of abnormal bile alcohols in the urine of children with unexplained bilateral cataracts and a 
history of chronic diarrhea since infancy Treatment with chenodeoxycholic acid causes an 
immediate reduction of the excretion of abnormal bile alcohols in the unne It seems likely that 
the chronic diarrhea is caused by cerebrotendinous xanthomatosis At present, we are 
investigating the pathophysiologic aspect of this symptom 
The risk of cataract caused by severe diarrheal disease has been suggested and denied in 
different population studies 4 
We suggest that the finding of bilateral juvenile cataract associated with chronic diarrhea, 
may represent the earliest clinical manifestation of cerebrotendinous xanthomatosis 
Performance of unne gas chromatography in such cases may lead to an earlier diagnosis and a 
better prognosis of this disabling disease 
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Abstract 
Purpose. Cerebrotendinous xanthomatosis is a storage disease which usually leads to 
severe mental and neurologic deterioration before the diagnosis and start of treatment are 
established We identified major ocular and systemic characteristics that may enable a diagnosis 
to be made earlier. 
Methods. Ten patients (group 1) of the University Hospital Nijmegen, with a diagnosis of 
cerebrotendinous xanthomatosis, were re-examined for detailed ocular and major clinical 
manifestations. Meanwhile, we looked for similar but undiagnosed cases in patients (group 2) 
who visited the Institute of Ophthalmology during a 12-month period. 
Results. A diagnosis of cerebrotendinous xanthomatosis had been given to the patients of 
group 1 at an average age of 40 years (range, 33 to 48 years). Subsequently, six new cases 
(group 2) were diagnosed in patients 7 to 37 years old (average age, 18 years) Bilateral cataract 
was the major ocular manifestation in all 16 patients Small irregular corticonuclear opacities, 
anterior polar cataracts, and dense postenor subcapsular cataracts were diagnosed at various 
ages (mean, 18 years; range, 4 to 40 years). Four patients showed clinical signs of optic 
neuropathy, whereas retinal function was normal in all patients Other major clinical signs 
included a history of chronic diarrhea (since childhood), mental deterioration (mean age, 23 
years; range, 4 to 40 years), neurologic deterioration (mean age, 31 years, range, 15 to 43 
years), and tendon xanthomas (mean age, 37 years; range, 32 to 43 years) 
Conclusions. Appropriate biochemical investigations for cerebrotendinous xanthomatosis 
should be performed in patients with unexplained juvenile or early onset adult cataracts, 
especially if these cataracts are associated with chronic diarrhea since infancy, mental 
retardation or deterioration, neurologic dysfunction, or xanthomas 
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INTRODUCTION 
Cerebrotendinous xanthomatosis is an autosomal recessive sterol storage disease with 
accumulation of cholestanol and cholesterol in most tissues, in particular, in xanthomas, bile, 
and brain. ' The disease is caused by a deficiency of hepatic mitochondrial 27-hydroxylase, 
which is involved in the biosynthesis of bile acids The gene for this enzyme is on chromosome 
2, and mutations in the gene have been described 2 The disease was first reported by van 
Bogaert, Scherer, and Epstein in 1937 з The patients they described suffered from dementia, 
ataxia, and cataracts, and showed xanthomas in the tendons and nervous system The disease 
is reported to be rare; however, cataract is a common finding.4 2 3 Cerebrotendinous 
xanthomatosis results in progressive neurologic and mental deterioration. It is now vitally 
important to establish the diagnosis at an early age, because treatment with chenodeoxycholic 
acid has resulted in a favorable biochemical response.7-i4.i6,23 [n this study, we analyzed the 
ocular and systemic manifestations of cerebrotendinous xanthomatosis, with special emphasis 
on the contribution of the ophthalmologist in the early clinical diagnosis. Attention to the ocular 
manifestations may improve the recognizability of this devastating metabolic disease, which is 
usually not diagnosed until many years after the initial manifestations 
PATIENTS AND METHODS 
In 1990, we started a prospective ophthalmologic examination of ten patients with cerebro­
tendinous xanthomatosis, which was diagnosed between 1982 and 1989 at the University 
Hospital Nijmegen. Cerebrotendinous xanthomatosis was confirmed in these patients by gas 
chromatography of urinary bile alcohols, and by determination of cholestanol in blood.22 
While performing this study and looking for similar patients in our own daily practice, six 
additional cases were diagnosed in 1991. In four of these patients, we recognized the clinical 
picture by routine ocular examination and medical history, after which the diagnosis was 
confirmed biochemically. The two other cases were found by unne examination of siblings. All 
patients underwent ophthalmologic examination, including testing of best-corrected visual 
acuity, refraction, external examination, anterior segment slit-lamp microscopy and 
photography, measurement of intraocular pressure, ophthalmoscopy, echography, elaborate 
color vision testing, electroretinography, electro-oculography, visual evoked cortical potentials 
(with pattern reversal check sizes of 17, 10 and 7 minutes of arc), and Goldmann visual field 
examination. A detailed medical history was obtained, and previous ophthalmic data were 
collected from our own records and from records of other ophthalmologists. Main systemic 
findings were obtained in the Departments of Neurology or Pediatrics during clinical 
observation of the patients with cerebrotendinous xanthomatosis. 
87 
Chapter 8 Cerebrolendinous xanthomatosis 
Table - Cataract and Systemic Features of Cerebrolendinous Xanthomatosis 
PATIENT NO 
PEDIGREE 
GENDER 
AGE AI 
DEATH 
(Yrs) 
MAJOR SIGNS 
OFTHE SYNDROME 
AGE AT WHICH 
SYMPTOMS WERE 
DOCUMENTED 
(Yrs) 
AGE AT 
DIAGNOSIS 
(Yrs) 
1 A-l F 48 
2 k-Α M 
3 A-5 M 
4 B-2 F 
5 C-2 M 42 
6 C-3 M 
Bilateral cataract 
(corticonuclear and postenor polar) 
Chronic diarrhea 
Neurologic and mental dysfunction 
(pyramidal and cerebellar signs 
and mental deterioration) 
Bilateral cataract 
(anterior polar and anterior subcapsular) 
Mental retardation 
Neurologic dysfunction 
(pyramidal and cerebellar signs 
and peripheral neuropathy) 
Bilateral cataract 
(anterior polar and anterior subcapsular) 
Neurologic dysfunction 
(pyramidal and cerebellar signs 
and peripheral neuropathy) 
Xanthomas of the tibia 
History of chronic diarrhea 
Bilateral cataract 
Neurologic dysfunction 
(cerebellar signs and peripheral neuropathy) 
Mental deterioration 
Bilateral cataract 
Mental deterioration 
Neurologic dysfunction 
(pyramidal and cerebellar signs) 
Xanthomas of the Achilles tendon 
Bilateral cataract 
Chronic diarrhea since childhood 
Mental deterioration 
Neurologic dysfunction 
(pyramidal and cerebellar signs) 
Xanthomas of the Achilles tendons and hands 
17 
<30 
30 
22 
4 
37 
27 
33 
33 
33 
18 
18 
33 
9 
15 
30 
32 
4 
15 
30 
41 
48 
37 
33 
36 
42 
41 
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Table - (continued) 
ΡΑΉΕΝΤ NO 
PEDIGREE 
GENDER 
AGE AT 
DEATH 
(Yrs) 
MAJOR SIGNS 
OF THE SYNDROME 
AGE AT WHICH 
SYMPTOMS WERE 
DOCUMENTED 
(Yrs) 
AGE AT 
DIAGNOSIS 
(Yrs) 
7 C-8 F 
8 D-2 M 
9 D-4 F 54 
10 D-7 F 
11 E-l M 
12 E-3 F 
Bilateral cataract 
Chronic diarrhea since childhood 
Neurologic and menial dysfunction 
(pyramidal and cerebellar signs, peripheral 
neuropathy, and mental deterioration) 
Xanthomas of the Achilles tendons 
Chronic diarrhea since childhood 
Bilateral cataract 
Neurologic and mental dysfunction 
(pyramidal and cerebellar signs 
and mental deterioration) 
Xanthomas of the Achilles tendons 
Chronic diarrhea since childhood 
Bilateral cataract 
(anterior cortical, postenor cortical, 
and posterior subcapsular) 
Neurologic dysfunction 
(pyramidal and cerebellar signs 
and mental deterioration) 
Xanthomas of the Achilles tendons, hand, elbow 43 
Chronic diarrhea since childhood 
Bilateral cataract (mild cortical opacities) 
Xanthoma. Achilles tendons 
Neurologic dysfunction 
(pyramidal signs) 
Chronic diarrhea since infancy 
Bilateral cataract 
(anterior cortical, postenor cortical, 
and postenor subcapsular) 
Chronic diarrhea since infancy 
Bilateral cataract 
(antenor cortical, postenor cortical, 
and posterior subcapsular 
15 
34 
8 
35 
35 
40 
40 
40 
40 
43 
2 
9 
34 
46 
43 
40 
13 
Continued on next page 
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Table - (continued) 
PATIENT NO 
PEDIGREE 
GENDER 
13 F-9 F 
14 G-3 M 
15 G-l F 
16 G-2 F 
AGE AT 
DEATH 
(Yrs) 
-
-
-
MAJOR SIGNS 
OF THE SYNDROME 
Chrome diarrhea since infancy 
Bilateral cataract 
AGE AT WHICH 
SYMPTOMS WERE 
DOCUMENTED 
(anterior polar and postenor subcapsular) 
Neurologic and mental dysfunction 
(pyramidal and cerebellar signs 
and mental deterioration) 
Chronic diarrhea since infancy 
Psychomotor retardation 
Bilateral cataract 
(anterior polar and corticonuclear) 
Cataract (mild cortical opacities) 
Cataract (mild cortical opacities) 
(Yrs) 
33 
33 
2 
7 
9 
20 
17 
AGE AT 
DIAGNOSIS 
(Yrs) 
37 
12 
20 
17 
RESULTS 
Cerebrotendinous xanthomatosis was established in 16 patients from six unrelated non-
consanguineous Dutch families (Families A, B, C, D, F, and G) and one consanguineous 
German family (Family E) The major clinical symptoms are summarized in the Table and 
Figure 1 There were seven male and nine female patients, all of whom had bilateral cataract as 
an initial sign at a young age (mean, 18 years, range, 4 to 40 years), followed by mental 
deterioration (mean age, 23 years, range, 4 to 40 years), and neurologic deterioration (mean 
age, 31 years, range, 15 to 43 years) Two patients were mentally retarded since childhood. 
Xanthomas were diagnosed only in adults (mean age, 37 years; range, 32 to 43 years), whereas 
chronic diarrhea had occurred in most patients since childhood. 
The mean age at diagnosis of our first ten patients (group 1) was 40 years (range, 33 to 48 
years) In two patients (Patients 1 and 5), the diagnosis cerebrotendinous xanthomatosis was 
made at necropsy. The mean age at diagnosis of our last six patients (group 2) was 18 years 
(range, 7 to 37 years). The patients of group 2 were diagnosed much earlier than those in group 
1 The two youngest patients (Patients 11 and 12) were hospitalized elsewhere, because of 
unexplained diarrhea, before cerebrotendinous xanthomatosis was diagnosed as the cause of 
associated bilateral cataract 
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Cerebrotendinous xanthomatosis 
% Prevalence (%) of major manifestations at various ages (Yrs) 
100т > 
0-1 ff*"l ι I I 1 1— 1 1 1 1 
OYrs 5 Yrs lOYis 15Yrs 3DYis 25Yis 30YB 35YB 40YB 45YIS »Yrs 
Figure 1 (Cruysberg and associates). Prevalence of major manifestations of cerebro­
tendinous xanthomatosis at various ages. Note that in the first decade the prevalence of 
cataract and diarrhea is higher than mental or neurologic manifestations (NeurolMental), 
whereas the classical xanthomas were found only in adults older than 30 years of age. 
All 16 patients developed bilateral cataracts before the age of 40 years, and these cataracts 
were diagnosed before the age of 10 years in seven (44%) patients, and before the age of 20 
years in ten (63%) patients. With slit-lamp examination, all lenses showed multiple small 
opacities, which were more pronounced in the anterior and posterior cortex than in the nucleus 
(Fig. 2). Four patients presented with bilateral anterior polar cataract (Fig. 3), in addition to the 
cortical and nuclear opacities. At the time that vision had reduced markedly, the lenses showed 
dense posterior subcapsular cataract (Fig. 4). The cataracts progressed to maturity. Ten of the 
16 patients underwent cataract surgery (first eye), at an average age of 20 years (range, 7 to 52 
years). Four patients (Patients 5,6, 8, and 12) underwent cataract surgery before age 10 years. 
At least eight patients (Patients 1, 3, 4, 5, 6, 7, 8, and 12) were, or will be, aphakic at age 40 
years. In contrast, none of the 14 parents of the 16 patients underwent cataract surgery. 
Before cataract surgery, eight patients had spectacles for moderate myopia, and none had 
spectacles for hypermetropia. With surgical treatment of these cataracts, best-corrected visual 
acuity of at least 20/40 was attained bilaterally inali patients, except in an amblyopic eye 
H Cataract 
H Diarrhea 
Щ Neuro/mental 
• Xanthomas 
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Figure 2 (Cruysberg and associates). Patient 11. Slit-lamp photograph of the left lens 
of a child with chronic diarrhea and bilateral cortical cataract, showing multiple line-
shaped cortical opacities. 
(Patient 4) and one eye in a patient with unilateral bullous keratopathy (Patient 6). Posterior 
chamber intraocular lens implantation was uneventful. Mean aphakic refraction was 12.0 
diopters (range, 6.0 to 15.5 diopters) in the five patients who had received no intraocular 
lenses. 
Nystagmus and strabismus were relatively rare. Two patients (Patients 5 and 7) had gaze 
induced nystagmus. Two patients (Patients 4 and 8) showed exotropia of the left eye. 
Horizontal corneal diameters were all within normal limits. Corneas were clear, except a 
postherpetic corneal leukoma in the right cornea of Patient 2 and a bullous keratopathy after 
cataract surgery with anterior chamber lens implantation in Patient 6. Bilateral arcus li poi des 
corneae was present in Patient 8. Bilateral eyelid xanthelasma were present in two patients 
(Patients 8 and 9), 54 and 51 years old respectively. One 46-year-old sibling of family С 
showed bilateral eyelid xanthelasma; however, this patient had no clinical or biochemical signs 
of cerebrotendinous xanthomatosis. Pupillary appearance and reactivity to light were generally 
normal. Ophthalmoscopic examination of the patients showed no unusual findings, except for 
some degree of paleness of the optic disks in Patient 1 at age 44 years, Patient 8 at age 54 
years, and Patient 13 at age 36 years. Intraocular pressures were within normal limits, except 
for the left eye of Patient 8. 
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Figure 3 (Cruysberg and associates). Patient 2. Bilateral anterior polar cataract. Anterior 
view of left eye (top) after dilatation of the pupil. Slit-lamp photograph of left eye 
(bottom), showing dense anterior polar cataract and diffuse corticonuclear lens opacity. 
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By echography, axial length measurements in adult patients disclosed no unusual values 
(average, 23.0 mm; range, 21.5 to 27.5 mm) Electroretinography, electro-oculography, or 
both were performed in seven patients and were found to be within normal limits in all 
examined eyes. Visual evoked cortical potentials with pattern reversal stimulation were 
examined in 13 patients, and were with bilateral abnormal latencies (Patients 5, 8, 11, 12, and 
13), not recordable (Patient 6), or unilateral abnormal because of low visual acuity (Patients 2 
and 9). Normal pattern reversal visual evoked cortical potentials were found in five patients 
(Patients 3, 7, 14, 15, and 16). Visual evoked cortical potentials with flash stimulation were 
found to be present in all examined patients; however, the response was very weak in the right 
eye of Patient 11. Reliable color vision testing and visual field examination were possible in 
only a limited number of patients because of mental deterioration. Color vision testing disclosed 
an acquired type II red-green defect of Vernest m two patients (Patients 3 and 13) In Patient 9 
color vision was severely disturbed without any typical defect Goldmann visual field 
examination was performed in seven patients and was found to be abnormal only in the patient 
with glaucomatous field loss (Patient 8) At least four patients (Patients 1, 3, 8, and 13) had 
optic neuropathy, because of pale optic disks, abnormal latencies of visual-evoked potentials, 
acquired type II color vision defects, or a combination of symptoms. 
Aspirated lens material was examined in one patient (Patient 14) and disclosed a 
cholestanol/cholcsterol ratio of 1 71, which was more than five times higher than the ratio of 
0.33 that was found in cataractous lens material of a control patient. 
DISCUSSION 
Cerebrotendinous xanthomatosis is classically characterized by four major features: 1) bilateral 
cataracts, 2) progressive dysfunction of the central nervous system with mainly pyramidal tract 
signs and cerebellar ataxia, 3) mental deterioration, and 4) tuberous and Achilles tendon 
xanthomas. Findings in other studies include peripheral neuropathies, foot deformity, 
cardiovascular disease or atherosclerosis, history of cholecystectomy because of gallstones, and 
endocrine abnormalities.5.i4.i5.n.2i [n m a n y patients, symptoms begin at about the age of 10 
years, but the diagnosis of cerebrotendinous xanthomatosis is made about 20 to 30 years 
later,21 sometimes even more than 40 years later.17 We established a diagnosis of 
cerebrotendinous xanthomatosis in young patients (Families E and G), because we recognized 
the association of juvenile cataract and chronic diarrhea as a major clinical feature of 
cerebrotendinous xanthomatosis in childhood.23 
The clinical abnormalities are due to accumulation of cholestanol, the 5a-dihydro derivative 
of cholesterol, in serum and tissues,5.6 including the cataractous lens.19 The formation of 
cholestanol results from a block in the metabolic pathway of bile acid synthesis,6 which is 
accompanied by the formation of bile alcohols that are normally not detectable in unne. 
We found that cataract was a symptom at onset in nearly all patients in this senes, but only 
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35% of the cases described elsewhere.21 We established that the development of this cataract 
was present in nearly all patienls before age 40 years. The cataracts are not congenital, but may 
be diagnosed by age 10 years in nearly half of the patients. Other researchers mentioned the 
development of cataract in the second decade,8·9·13·20·21 in the third decade,3·4·10·12·21 and 
fourth decade.и Cataracts may be present without complaints of diminished vision.13 
However, without cataract extraction, visual acuity usually decreases to less than 20/200 before 
age 40 years.9·13·18 At the age of 50 years, nearly all patients will be aphakic in at least one 
eye.4.15.21 
The type of cataract is mentioned in only half of the cases described before 1975, and they 
were all zonular.3·8 Later, anterior and postenor cortical cataracts,9·10·13 anterior and posterior 
subcapsular cataracts,11-13.18 coronary cataract,18 and, as in some of our patients, anterior and 
postenor polar cataracts,12 were descnbed. An ultrastructural study showed, especially in the 
anterior polar region of the lens, numerous vacuoles that were partially disrupted and filled with 
dispersed granular content, whereas cells in the equatorial region appeared normal.11 The 
opacities in the antenor and postenor cortex have been descnbed like a fine cerulean cataract, 
sometimes combined to form small clouds, or rods, with spoke formation in the lenses,10 
blue-white dots,13 and "snowflake" cataracts.13 The subcapsular opacities appeared as 
irregular white dots, which sometimes mimicked whirls.11 The finding that four of our 16 
patients initially had antenor polar cataract is remarkable, because this cataract type is 
considered to be less likely to progress,24 and therefore engenders no suspicion of metabolic 
disease. 
Surgery of these cataracts, with or without implantation of intraocular lenses, is associated 
with a good prognosis for visual recovery.9-n.]3,i8,20 The good visual prognosis and the 
ranty of strabismus and nystagmus in these patients demonstrate that the development of vision 
is not disturbed in early childhood. Furthermore, the visual recovery proves that dysfunction of 
the optic nerve, if present, is relatively mild. 
In reported cases, "- 1 3 preoperative refraction is for myopia, whereas refraction for aphakia 
is usually within normal limits.13 
The optic disk may be pale but not atrophic.3·4 In patients with cerebrotendinous 
xanthomatosis, pattern reversal visual evoked potentials may be within normal limits, absent 
because of cataract, or delayed because of optic neuropathy. Visual evoked potentials showed 
slow nerve conduction velocities in five of 16 patients in the present study and in two of seven 
cases in a recent study.21 If optic nerve dysfunction is established with visual-evoked 
potentials and color vision tests, this may contnbute to a mis-diagnosis of multiple sclerosis in 
patients with progressive pyramidal tract signs and cerebellar ataxia. Acquired nystagmus, the 
result of cerebellar dysfunction in cerebrotendinous xanthomatosis,4·10 may further contribute 
to the mis-diagnosis of multiple sclerosis. 
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Fig. 4 (Cruysberg and associates). Patient 12. Slit-lamp photograph with retro-
illumination of the right lens of a child with chronic diarrhea, showing severe optical 
disturbance from posterior subcapsular cataract. 
Xanthelasma is a planar xanthoma that may affect both eyelids in cerebrotendinous 
xanthomatosis^ or may be absent.4·11·12 Palpebral xanthelasma and corneal lipoid arcus are 
well known in patients with hypercholesterolemia;25 however, plasma cholesterol levels are 
within normal limits in patients with cerebrotendinous xanthomatosis.4·5·13 Other ocular signs 
are rare and may include unilateral proptosis caused by xanthoma deposition in the extraocular 
muscles18 or bilateral exophthalmos in absence of thyroid dysfunction.21 
Diagnosis of cerebrotendinous xanthomatosis may be difficult because results of routine 
examinations of blood, urine and cerebrospinal fluid are normal.21 The value of urinary 
capillary gas chromatography of bile alcohols as a specific test to establish the diagnosis of 
cerebrotendinous xanthomatosis and to monitor the biochemical effectivity of the different 
treatment regimens has been emphasized.17·22 Appropriate biochemical investigations for 
cerebrotendinous xanthomatosis should be performed in patients with unexplained bilateral 
juvenile cataracts, especially if these cataracts are associated with any of the following signs: 
chronic diarrhea since infancy, mental retardation or deterioration, neurologic dysfunction, or 
xanthomas at any place. Cerebrotendinous xanthomatosis should be excluded if patients who 
are suspected to have multiple sclerosis develop cataract at a young age. Essentially, 
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cerebrotendinous xanthomatosis should be included in the differential diagnosis of central 
nervous system disorders associated with cataract. 
From the present study, we concluded that the ophthalmologist can play an important role in 
the early diagnosis of this autosomal recessive disease. Because we have observed that 
treatment with chenodeoxycholic acid has resulted in a favorable biochemical response in 
children,23 we hope that early diagnosis and treatment prevents the devastating central nervous 
system complications at a later age. 
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Abstract 
Objective. To assess the causes for delay in the diagnosis of homocystinuna. 
Design. Clinical and laboratory data were collected from patients diagnosed as having 
homocystinuna due to cystathionine synthase deficiency, with special reference to the ages at 
which the patients had their first major signs of the disease, ectopia lentis was established, and 
homocystinuna was diagnosed 
Setting. University hospital in the Netherlands 
Subjects. 34 Patients (18 males) in whom homocystinuna due to cystathionine synthase 
deficiency was diagnosed in the penod 1970-94 
Results. Among 34 consecutively detected homocystinuna patients the mean age at 
diagnosis of homocystinuna was 24 (range 1-61) years Despite frequent ocular manifestations, 
senous complications in the vascular, skeletal, and central nervous systems, and repealed 
examinations performed in these patients by clinicians of vanous disciplines, there was a mean 
delay of 11 (0-43) years between the first major signs of the disease (at mean age 13 (1-40) 
years) and the ultimate diagnosis of homocystinuna Even when ectopia lentis was diagnosed 
(in 26 (76%) patients, mean age 18 (1-50) years), this did not lead to adequate biochemical 
analysis for homocystinuna at the time of detection, causing a mean diagnostic delay of 8 (0-
24) years in these patients 
Conclusions. Three factors should have precipitated the diagnosis of homocystinuna- early 
recognition that unusual myopia (high, very high, abnormal progressive, or at young age) was 
caused by subluxation of the ocular lenses, awareness that the occurrence of myopia combined 
with systemic complications ("myopia-plus") might be due to homocystinuna, and appropnate 
biochemical investigations earned out in patients with ectopia lentis and in their siblings. 
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INTRODUCTION 
Classical homocystinuna is an inborn error of metabolism with autosomal recessive inheritance, 
characterised by the inability to convert methionine to cysteine due to a deficiency of 
cystathionine synthase (figure 1)J Accumulation of homocysteine in tissues, blood, and unne 
is the consequence. Four major organ systems may be involved: the eye, the skeleton, the 
vascular system, and the central nervous system. Complications of the disease develop 
progressively if therapeutic measures have not been started at an early age 2 We have detected a 
large number of homocystinuna patients in adulthood by systematic biochemical screening of 
patients with one or more clinical signs of this disease. We analysed the causes of the delay in 
making the diagnosis of homocysünuna 
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tetrahydrofolate cobalamine 
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Figure 1. Methionine metabolism in humans. 
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SUBJECTS AND METHODS 
The study included 34 patients (18 males, 16 females) in whom we established the diagnosis of 
homocystmuna due to cystathionine synthase deficiency in the penod from 1970 to 1994. 
Records of the patients, who had been referred for various reasons to the institute of 
ophthalmology or the institute of internal medicine at the our hospital, were analysed with 
respect the age at which the patients had their first major signs of the disease, the age at which 
ectopia lentis was established, and the age at which homocystmuna was diagnosed. The time 
interval between these manifestations and the ultimate diagnosis of homocystmuna was 
calculated. The causes of delay in making the diagnosis of homocystmuna in these patients 
were studied from the records. 
All patients underwent complete ophthalmological examination before and after maximal 
dilatation of the pupils, with special attention to the presence of ectopia lentis (subluxation or 
luxation of ocular lenses) and refractive error. Ophthalmic data before referral, such as 
prescnptions for spectacles or contact lenses, were collected from clinical records of vanous 
ophthalmologists and institutions. 
In all patients in this study, homocysteine and methionine concentrations in blood were up to 
about 20 times the normal upper limit of 19 цтоі/і, and the residual activity of cystathionine 
synthase in cultured fibroblasts was maximally 3% of the mean activity of normal subjects 3-5 
Unne screening with the cyanide-nitroprusside test was used only in the first 16 patients; it was 
stopped because of false negative results in 38% and a borderline result in an additional 25% of 
the patients. 
RESULTS 
In 34 consecutive patients in whom homocystmuna was detected (Table 1) the mean age at 
diagnosis of homocystmuna was 24 (range 1-61) years. In only four (12%) of the 34 patients 
was the diagnosis of homocystmuna established before the age of 5 years. In 23 (68%) the 
diagnosis of this congenital metabolic disease was not made until adulthood (range 20-61 
years). The diagnosis had been frequently missed at previous examinations by clinicians of 
vanous disciplines. Despite repeated physical examinations, the interval between the first major 
signs of the disease (at a mean age of 13 ( 1 -40) years) and diagnosis of homocystmuna was 11 
(0-43) years. 
Before the diagnosis was made, 30 (88%) patients already had one or more senous 
manifestation of homocystmuna These included occlusion of penpheral arteries, pulmonary 
embolism, cerebrovascular accident, deep vein thrombosis in the leg, ectopia lentis, acute pupil 
block glaucoma, scoliosis, marfanoid features, mental retardation, epilepsy, and psychosis 
(Table 2). Only the four (12%) patients who were diagnosed by the screening of siblings for 
homocystmuna had had no complications. 
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Table 1- Manifestations of Homocystinuria in 34 Consecutive Patients 
Patient 
Ncsex 
First major signs of the disease, age (years) 
Age at 
diagnosis 
of ectopia 
lentis (EL) 
Condition leading to diagnosis 
of homocysQnuna, age (years) 
IF 
2F 
3Γ 
4M 
5M 
6F 
7F 
8M 
9F 
10M 
11M 
12F 
13F 
14F 
15M 
16M 
17M 
18F 
19F 
20M 
2IM 
22M 
23F 
24F 
25M 
26F 
27F 
28M 
29M 
30M 
31M 
32F 
33M 
34M 
High myopia,* psychosis, pulm embolisms40 
5 
4 
9 
4 
18 
26 
High myopia, EL, mental retardation 
Very high myopia and EL 
Myopia and sister with EL (patient 3) 
Myopia and seizures 
Very high myopia 
High myopia and carotid artery stenosis 
High myopia, marfanoid, mental retardation 8 
Very high myopia and marfanoid features 14 
Very high myopia and EL 4 
Brother with EL (patient 10) 3 
Myopia and crural thrombosis 21 
High myopia, psychosis, cardiac ischaemia 24 
High myopia in childhood 4 
Myopia and psychomotor retardation 1 
Myopia and marfanoid features 6 
High myopia and marfanoid features 6 
Psychomotor retardation and marfanoid 7 
Very high myopia 22 
Myopia, psychomotor retardation, seizures 3 
High myopia and marfanoid features 6 
High myopia and marfanoid features 6 
Myopia and pulmonary embolism 18 
Myopia and psychomotor retardation S 
Sister with EL (patient 23) 20 
High myopia and scoliosis surgery 18 
High myopia and EL 17 
Myopia, EL, psychomotor retardation 3 
Very high myopia 30 
High myopia and psychomotor retardation 5 
Cerebrovascular accident 1 
Very high myopia 21 
Sister with EL (patient 32) 23 
Myopia and EL 35 
EL 49 
EL 5 
EL 4 
EL 26 
EL 19 
EL 16 
EL 17 
EL 4 
EL 36 
EL 50 
EL 7 
EL 1 
EL 10 
EL 6 
EL 23 
EL 6 
EL 13 
EL 10 
EL 25 
EL 6 
EL 49 
EL 17 
EL 3 
EL 8 
EL 31 
EL 35 
History of EL 50 
Acute glaucoma and history of EL 20 
History of EL 20 
Screening of siblings of patient 3 25 
Crural thrombosis and EL 27 
Acute glaucoma, EL, arterial ischaemia 21 
Screening of siblings of patient 6 29 
Cerebrovascular accident and EL 22 
Acute glaucoma, EL, cerebrovasc ac 20 
EL 4 
Screening of siblings of patient 10 3 
Retinal detachment after EL 53 
Screemng of siblings of patient 12 50 
History of EL 31 
Surgery for marfanoid features 15 
Acute glaucoma 11 
History of EL 23 
Marfanoid and mental features 9 
Fetal loss, thrombosis, psychosis 46 
Acute glaucoma, crural thrombosis 9 
History of EL and marfanoid signs 29 
History of EL and marfanoid signs 26 
High myopia and EL 25 
History of EL 7 
Screemng of siblings of paUent 23 20 
History of EL and pulm thrombosis 61 
History of EL 19 
EL 3 
Very high myopia 30 
Very high myopia and EL 8 
Cerebrovascular accident 1 
Cerebrovascular accident 31 
Screemng of siblings of patient 32 23 
History of EL and cardiac infarctions 52 
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Table 1 (continued) 
Mean age (yrs) Firsl major signs of the disease 13 EL 18 Diagnosis of homocystimina 24 
Range (yrs) 1 40 1-50 1-61 
*Myopia= myopia ¿ 1 diopter. High myopia= myopia г 5 diopters, Very high myopia= myopia ¿ 10 diopters 
Ectopia lentis, though diagnosed in 26 (76%) of the 34 homocystinunc patients at a mean 
age of 18 (1-50) years, did not lead to adequate biochemical analysis for homocystinuna at the 
time of detection of the ectopia lentis, thereby causing significant diagnostic delay (mean 8 
(0-24) years) in these 26 patients. 
Although most of the patients had no unusual refractive errors in early childhood, myopia 
seemed to be the most consistent initial finding in these homocystinunc patients before the first 
major complications occurred. In 28 (93%) of the 30 patients with major complications, myopia 
of various degree (ä 1.0 diopter) had been documented in prescriptions for spectacles or contact 
lenses before the time that their first complications occurred. When systemic complications 
occurred in these patients, we defined such condition as "myopia-plus": myopia (£ 1 0 diopter) 
associated with signs of systemic disease - thai is, complications of homocystinuna: myopia 
plus vascular events, myopia plus skeletal abnormalities, or myopia plus central nervous 
system involvement. Myopia-plus was present in 24 (71%) patients. Unusual high myopia (ä 
5.0 diopters) was present in 24 (71%) patients al the time of diagnosis of homocystinuna; of 
these, 16 (47%) had very high myopia (£ 10 0 diopters). Only two (6%) patients, a 7 year old 
girl (patient 18) and a 1 year old boy (patient 31), had systemic complications of homo-
cystinuna with absence of myopia. Three patients (cases 11, 18, and 31) were diagnosed very 
early as having homocystinuna and started pyndoxine treatment before myopia developed; they 
had no myopia or ectopia lentis in the follow up penods of 26, 14, and 5 years respectively. 
The diagnosis of ectopia lentis was preceded by detection of myopia in all cases. 
In most patients there was more than one cause for diagnostic delay. The major causes 
were, firstly, not recognising that myopia, although unusual in presentation (early, high, very 
high, or abnormal progressive) was of lenticular ongin - that is, the result of subluxation of the 
lenses (24 patients); secondly, not considering a common cause for the vanous organ 
complications and the unusual myopia (myopia-plus; 21 patients), thirdly, not performing 
biochemical investigations for homocystinuna in patients with ectopia lentis because the ectopia 
lentis was thought to be a purely ocular disorder or attnbuted to Marian's syndrome (20 
patients); and, fourthly, not screening the family after ectopia lentis or homocystinuna, or both 
were diagnosed (four patients). 
Thirty one patients (91%) responded completely or partially to vitamin B6 Patient 15 was a 
non-responder and in two patients response was unknown (patient 9 died some days after 
diagnosis and patient 16 was lost to follow up). 
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Table 2 - Clinical Manifestations of Homocystinuria 
1 Ocular 
Very frequent 
Ectopia lentis 
Myopia 
Indodonesis 
2 Skeletal 
Frequent 
Osteoporosis 
Maifanoid habitus 
Scoliosis 
Less frequent 
Pupil block glaucoma 
Aphakia 
Retinal detachment 
Retinal vascular occlusion 
Less frequent 
Arachnodactyly 
Pectus cannatum or excavatum 
3 Central nervous system 
Frequent 
Mental retardation 
4 Vascular 
Frequent 
Early thromboembolic disorder 
5 Other involvement 
Frequent 
Fair, brittle hair 
Thin skin 
High-arched palate 
Crowded upper teeth 
Less frequent 
Seizures, Abnormal EEG 
Spasticity 
Focal neurologic signs 
Behavioural or psychiatric disorder 
Less frequent 
Fetal loss 
Malar flush 
Livedo reticularis 
Less frequent 
Fatty change in liver 
Inguinal hernia 
Myopathy 
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DISCUSSION 
From 34 consecutive patients diagnosed as having homozygous homocystinuna it is clear that 
the diagnosis is often missed even when characteristic clinical signs and complications are 
present Serious clinical sequelae such as ІіГе threatening thromboembolic events at a young 
age, mental retardation, and ectopia lentis might be prevented by prompt treatment of patients 
detected as having homocystinuna.2 High doses of vitamin B6 (pyndoxine), which is a 
cofactor of the deficient enzyme cystathionine synthase, decreases the effects of the disease. 
Patients who do not respond to vitamin B6 can be treated by folic acid and betaine, which are 
both substrates for the remethylation of homocysteine to methionine, or by dietary methionine 
restriction ι It is obvious that early diagnosis is crucial for the prognosis of these patients.2 
However, in most of our 34 patients homocystinuna was not suspected for a long time, 
although indications for the diagnosis were clearly present. The mean age of diagnosis in these 
patients was 24 years. Though they had had many ophthalmological examinations there was a 
diagnostic delay between the appearance of the first ocular symptoms, such as unusual myopia 
and ectopia lentis, and the ultimate biochemical diagnosis of homocystinuna. 
It is understandable that the development of moderate myopia in the second decade of life 
causes little suspicion that there is a metabolic disease because myopia is a common finding in 
the normal population. However, myopia in excess of 5 diopters is extremely rare in children 
under 5 years,6 and probably affects under 2% of adults.7 In such high myopia, an 
abnormality of one particular component of ocular refraction of the axial length, the corneal 
curvature, or the lens is most likely.8 Thus, if the ocular fundus of a highly myopic patient 
shows no clear ophthalmoscopic signs of axial myopia and the corneal curvature is not 
abnormal, then lenticular myopia due to ectopia lenüs should be suspected and searched for. If 
subluxation of the lens is suspected, but not visible, the presence of an abnormal lens power 
can be concluded from calculation of the dioptnc power of the intraocular lens from refraction, 
keratometry, and axial length measurements. Other clues for lenticular myopia are abnormally 
rapid progression of myopia, high myopia in children, progressive myopia in adult life, and 
high non-corneal astigmatism with subnormal visual acuity. Patients with undiagnosed 
homocystinuna, or their parents, may be very anxious about the progression of the myopia. 
They may erroneously be advised to undergo surgical treatment of the refraction anomaly by 
radial keratotomy or excimer laser keratectomy, instead of receiving treatment for the cause of 
myopia. Apart from this, an important concern should be that many complications at a young 
age in clearly myopic patients, such as pulmonary embolism, cerebrovascular accident, 
excessive height, seizures, or mental retardation, do not always lead to the diagnosis of a causal 
systemic disease. It is apparent from our study that the association of any of these 
complications with myopia, which we have called myopia plus, is a valuable clue to the 
diagnosis of homocystinuna. Several case reports confirm this statement>i2 
Ectopia lentis occurs in about 85% of homocystinuna patients. 2.із,і4 As correctly noted by 
Mudd and associates,2 data on age of lens dislocation represent the date of detection of ectopia 
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lentis rather than of its actual occurrence In homocystinuna the age of development of high 
myopia (г 5 diopters) prior to the detection of ectopia lentis is a better indication of the start of 
lens dislocation Even when ectopia lentis is established it unfortunately does not lead to the 
correct diagnosis because biochemical investigation is not done These patients are not 
suspected of having a systemic disease or are misdiagnosed as having Marian's syndrome 
because of the presence of marfanoid features The importance of differentiating 
homocystinuna from Marfan's syndrome has been pointed out previously 1 5 1 7 Even after 
1962, when homocystinuna was described by Carson and NeilU8 and simultaneously by 
Gerritsen and co-workers,19 several papers dealing with Marfan's syndrome either included 
cases of homocystinuna,20 2 1 or did not provide sufficient evidence that homocystinuna had 
been excluded 22 28 Furthermore, in cases in which ophthalmologists are aware of the 
necessity to exclude homocystinuna, the correct diagnosis can be missed due to inadequate 
biochemical investigation The unnary cyanide-nitroprusside test (Brand test), the screening test 
recommended by many authors, 14.29 31 has a fairly high false negative rate in homocystinuna 
patients, particularly in newborns and mildly affected adults,5 32 and can give false positive 
results in many normal subjects The modification of the test described by Spaeth and Barber as 
the silver-nitroprusside test, which excludes the detection of cystinuna, may enhance the 
specificity, but not the sensitivity as these authors claimed 3 3 Homocysteine concentration 
(preferably measured as total plasma homocysteine) and methionine concentration in plasma 
should be determined, and measurement of cystathionine synthase activity in cultured 
fibroblasts from a skin biopsy should confirm the diagnosis enzymatically 
In summary, the finding of "unusual" myopia — high, very high, abnormal progressive 
myopia, myopia at young age, or high myopia without myopic fundus — should warrant the 
ophthalmologist to search carefully for ectopia lentis If ectopia lentis can be established, 
adequate biochemical investigations for homocystinuna are mandatory The recognition of 
myopia in patients with thromboembolism, skeletal anomalies or central nervous system 
complications should alert physicians lo the possibility that "myopia-plus" can have its ongin in 
homocystinuna 
Key messages 
• The diagnosis of homocystinuna is often missed 
• High myopia may be caused by ectopia lentis 
• Unusual myopia combined with skeletal, vascular, or central nervous system manifestations 
("myopia-plus") may have its ongin in homocystinuna 
• Patients with ectopia lentis should have appropnate blood examinations for homocystinuna 
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Abstract 
Purpose. To determine the ocular manifestations and risk factors in a large series of patients 
diagnosed as having classical homocystinuna. 
Methods. Ophthalmic data were collected on patients diagnosed in the period from 1970 to 
1994 at the University Hospital Nijmegen as having homozygous homocystinuna due to 
cystathionine synthase deficiency Patients had detailed ocular examinations at the time of 
diagnosis and at regular follow-up visits. After diagnosis, patients were treated with 
homocysteinaemia-lowenng therapy, with monitoring of methionine metabolism. 
Results. The population that was studied included 34 patients (18 males, 16 females), who 
were between 6 and 67 years old (mean, 36.6 years) at the last examination in the follow-up 
period (mean of 12.4 years) in 1996. Ocular manifestations were identified in all patients. The 
highest prevalences were found for myopia ^ ID (85%), high myopia > 5D (76%), ectopia 
lentis (76%), indodonesis (56%), and very high myopia г 10D (50%). Ocular biometry 
findings, including axial length measurements (23 3 mm ±1.5 mm) and keratometnc readings 
(7.82 mm ± 0.27 mm), were within normal limits. Ectopia lentis was identified as the major 
risk factor for all other ocular complications in homocystinuna, ι с , strabismus (24%), dense 
cataract (21%), acute pupil block glaucoma (19%), retinal detachment (15%), and blindness in 
one eye (18%) 
Coticlusions. Various ocular manifestations occur in patients with classical homocystinuna 
These features are important for making the clinical diagnosis of the disease, and are helpful in 
the differential diagnosis of the multiplicity of ectopia lentis disorders. Presence of ectopia lentis 
should be recognized as a major nsk factor for future ocular complications 
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INTRODUCTION 
Classical homocystinuna results from an inborn error of methionine metabolism, characterized 
by the inability to convert methionine to cysteine due to a deficiency of cystathionine synthase 
[1] Homocystinuna should always be considered in ihe differential diagnosis of ectopia lentis 
because an early diagnosis is important in initialing homocysteine-lowenng treatment 
However, because homocystinuna is often diagnosed not earlier than in adulthood [2], we had 
the opportunity to study the ophthalmic manifestations of homocystinuna that occur in the 
natural history of the disease The purpose of this study is to determine detailed ocular 
manifestations and nsk factors in a large senes of patients diagnosed as having classical homo­
cystinuna 
PATIENTS AND METHODS 
Detailed ophthalmic data were collected on patients diagnosed in the penod 1970-1994 at the 
University Hospital Nijmegen as having homozygous homocystinuna due to cystathionine 
synthase deficiency 
The diagnosis of homocystinuna was based on quantitative measurements of blood levels of 
homocysteine and methionine, and on the determination of activity of cystathionine synthase in 
cultured fibroblasts from a skin biopsy The methods used in these determinations have been 
descnbed previously [3,4] Homozygosity for homocystinuna due to cystathionine synthase 
deficiency is charactenzed by severely elevated homocysteine and methionine levels in the 
blood of up to about 20 limes as high as in normal subjects Normal control values of total 
homocysteine in fasting plasma do not exceed 19 μπιοΐ/ΐ in our laboratory The diagnosis is 
confirmed by the finding of no or only residual activity of the enzyme cystathionine synthase in 
the patient's cultured fibroblasts All the patients included in this study showed these 
biochemical charactenstics, and their residual enzyme activities were maximally 3% of the mean 
activity in control subjects 
Patients had detailed ocular examinations at the time of diagnosis and at regular follow-up 
visits Components of refraction were measured using subjective and objective methods, by 
keratometry readings (Javal), and by echography of the axial length The presence of ectopia 
lentis was examined by slit-lamp biomicroscopy, before and after maximal dilatation of the 
pupils 
Ocular data before referral were studied from clinical records of vanous ophthalmologists, 
and from prescnptions for spectacles and contact lenses After diagnosis, patients were treated 
with homocysteine-lowenng therapy, and seen for regular follow-up visits to monitor 
methionine metabolism and ophthalmic features 
Risk factors for other ocular complications in homocystinuna were analysed from the 
records A condition was defined as a nsk factor when only patients with that factor developed 
the complication, while patients without it did not 
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Prevalence of Direction of Lens Displacement (N=34) 
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Figure 1. Percentages of homocystinuria patients in whom the defined 
direction of lens displacement was ever observed: it= inferotemporally; 
tt=temporally ; st= superotemporally ; ss=supenorly; sn= superonasally; nn= 
nasally; in= inferonasally; ii= inferiorly, aa= anteriorly, into the anterior 
chamber; pp= posteriorly, into tlie vitreous. 
RESULTS 
The population studied included 34 patients (18 males and 16 females) who were consecutively 
diagnosed as having homocystinuria due to cystathionine synthase deficiency. The mean age at 
diagnosis was 24.2 years. The reasons for diagnostic delay have been reported elsewhere [2] 
The patients were between 6 and 67 years old (mean, 36.6 years) at the last examination of the 
follow-up period (mean, 12.4 years) in 1996. Ocular manifestations were identified in all 
patients. The highest prevalences were found for myopia £ ID (85%), high myopia г 5D 
(76%), ectopia lentis (76%), indodonesis (56%), and very high myopia à 10D (50%). The 
prevalence of these and other ocular manifestations are listed in Table 1. The direction of lens 
dislocation was most commonly infenorly, or nasally, or both (Fig. 1). A remarkable but rare 
observation was the presence of bilateral coloboma lentis, with lenses displaced in an upward 
direction in one patient (Fig. 2). Results of ocular biometrie measurements, calculated as mean 
value of all patients (± standard deviation), are provided in Table 2. In the histogram of 
keratometry readings (Fig. 3), the top was in the 7.75-8.00 mm range Analysis of individual 
patient files revealed that ocular complications of homocystinuria were only found in patients 
with ectopia lentis. Ectopia lentis, associated with a late diagnosis of homocystinuria, was 
identified as the major risk factor for other ocular complications in homocystinuria, i.e , 
strabismus (24%), dense cataract (21%), acute pupil block glaucoma (19%), retinal detachment 
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(15%), and blindness in one eye (18%). None of the eight homocystinuna patients without 
ectopia lentis developed cataract, glaucoma or retinal detachment. In the 26 patients with ectopia 
lentis, these complications had not preceded the presence of ectopia lentis. 
Table 1. Ocular Manifestations in 34 Homocystinuria Patients 
CONDITION AFFECTED PATIENTS /EXAMINED PATIENTS 
Visual acuity (VA) 
Subnormal vision in the better eye (VA < 20/40) 
One blind eye (VA < 20/400) 
Refraction 
Myopia (> 1.0 diopter) 
High myopia ( s 5.0 diopters) 
Very high myopia (^ 10.0 diopters) 
Aphakic refraction < 10.0 D 
Aphakic refraction ¿ 14.0 D 
Comea 
Corneal endothelial dystrophy (bilateral) 
Ins 
Indodonesis 
Ins transillumination 
diffuse 
focal, at the ins base 
Iris color 
light 
dark 
Pupillary membrane remnants 
Ectopic pupils (except after surgery) 
Lens 
Ectopia lentis (bilateral) 
Cataract (bilateral) 
incipient 
dense 
Aphakia (after surgery, uni- or bilateral) 
Spherophakia 
Microspherophakia 
Lens coloboma 
4/34 
6734 
29/34 
26734 
17/34 
3/14 
3/14 
1/34 
19/34 
0/34 
2/34 
19/34 
15/34 
1/34 
0/34 
26/34 
5/34 
7/34 
12/34 
17/34 
7/34 
1/34 
% 
12 
18 
85 
76 
50 
21 
21 
3 
56 
0 
6 
56 
44 
3 
0 
76 
15 
21 
35 
50 
21 
3 
Continued on next page 
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Table 1 (continued) 
CONDITION 
Vitreous 
Vitreous haemorrhage 
Retina 
Retinal detachment 
Retinoschisis 
Peripheral retinal degeneration 
AFFECTED PATIENTS / EXAMINED PATIENTS 
ι (lattice-like) 
Retinal vascular occlusion, unilateral 
Choroid 
Choroidal hemangioma 
Choroidal nevus 
Sclera 
Scleral staphyloma, unilateral 
Optic nerve and pathways 
Optic neuropathy or atrophy, ι 
Homonymous hemianopia 
Glaucoma 
Pupil block glaucoma 
Open angle glaucoma 
Ocular hypertension 
Binocular status 
Strabismus 
Esotropia 
Exotropia 
Hypotropia 
Pseudostrabismus 
Abducens nerve palsy 
Gaze palsy 
Nystagmus 
Eyeball 
or both 
Large eyes (axial length > 25 9 mm, 
Small eyes (axial length < 22 5 mm, 
adults) 
adults) 
1/34 
5/34 
1/34 
2/34 
1/34 
1/34 
1/34 
1/34 
2/34 
3/34 
7/34 
2/34 
1/34 
8/34 
1/34 
6/34 
1/34 
1/34 
1/34 
1/34 
0/34 
2/32 
5/32 
% 
3 
15 
3 
6 
3 
3 
3 
3 
6 
9 
21 
6 
3 
24 
3 
18 
3 
3 
3 
3 
0 
6 
16 
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s£ 
Figure 2. Unusual presentation of homocystinuria in a 27-year-old patient: subluxation 
of colobomatous lenses in upward direction (top: right eye; bottom: left eye). 
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Table 2. Ocular Biometry Findings in 34 HomocysUnuria Patients 
CONDITION MEAN ± STANDARD DEVIATION 
Corneal radius (keratometry readings): 
All patients: 7.82 mm ± 0.27 mm 
Males 7.78 mm ± 0.28 mm 
Females 7.85 mm ± 0.27 mm 
Patients with ectopia lentis 7.87 mm ± 0.25 mm 
Patients without ectopia lentis 7.70 mm ± 0.30 mm 
Axial length measurements 
All patients 23.3 mm ± 1.5 mm 
Males 22.8 mm ± 1.4 mm 
Females 23.7 mm ± 1.5 mm 
Patients with ectopia lentis 23.3 mm ± 1.6 mm 
Patients without ectopia lentis 23.2 mm ± 0.9 mm 
Patients with retinal detachment 24.4 mm ± 1.3 mm 
Corneal diameter (horizontal) 
All patients 11.4 mm ± 0.3 mm 
Pupillary distance (adults) 
All patients 65 mm ± 4 mm 
Males 67 mm ± 4 mm 
Females 63 mm ± 3 mm 
DISCUSSION 
Prevalence of ocular signs 
Ectopia lentis and high myopia are undeniably the major ocular manifestations of classical 
homocysUnuria. In the present study, each of these signs developed bilaterally in 75% of the 
patients, and this was a combined finding in most cases. The majority of these lenses are 
dislocated inferiorly or nasally, or both, but other directions may occur. In contrast to our 
findings, Cross and Jensen found no lenses dislocated inferotemporally or directly superiorly 
[5]. Other important ocular manifestations that were observed in more than half of the patients 
included spherophakia and iridodonesis [6], but for obvious reasons this was only found in 
patients with ectopia lentis. However, we did not find the high prevalence of light or blue indes 
in homocystinuria patients that was reported by François [7]. In the present study, the number 
of patients with light indes is almost the same as the number of patients with dark indes. A 
marked number of homocystinuna patients presenting with acute pupil-block glaucoma were 
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emergency cases [8, 9] Cataracts of various types and densities are found in the luxated lenses 
of homocystinuna patients [10,11] However, we never observed isolated juvenile cataract, 
ι e, without ectopia lentis, in these patients Other manifestations such as central retinal artery 
occlusion [12,13], or central retinal vein occlusion [5], are probably attributable to the 
thromboembolic complications of homocystinuna, but their prevalence is probably less than 
5% Corneal changes are rarely seen [14] 
Ins transillumination or ectopic pupils are rarely found in homocystinuna, except in cases 
were the ins has been damaged by surgery In contrast, extensive transillumination of the ins 
diaphragm and ectopic pupils are charactenstic findings in the ectopia lentis et pupillae 
syndrome [15], and may also be present in the Marfan syndrome [16,17] The finding of 
bilateral coloboma lentis that we documented in one patient, with lenses displaced in an upward 
direction, is probably an extremely rare observation in homocystinuna 
Distribution of Corneal Radius (mm) in Homocystinuna Patients 
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Figure 3. Keratomelry readings in 34 homocystinuna patients with ectopia lentis (+EL) 
and without ectopia lentis (-EL) 
Ocular biometry 
Although refractive errors develop from emmetropia to high or very high myopia in the 
majonty of homocystinuna patients, the axial length measurements and keralometnc readings 
remain within normal limits in these cases Together with the slit-lamp findings of 
spherophakia, this supports the view that high myopia in most cases of homocystinuna is 
mainly of lenticular ongin Biometrie calculation of the refractive power of the luxated 
crystalline lens provides dioptric values which are extremely high, which is compatible with 
spherophakia Also, vanous other disorders may present with both ectopia lentis and myopia 
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However, the axial length measurements are found to be longer than normal in the Marfan 
syndrome [17] and in the ectopia lentis et pupillae syndrome, whereas keratometnc readings in 
the Marfan syndrome show flatter corneas than normal [17]. 
Risk factors for ocular complications 
Some ocular complications of homocystinuria only occur with the presence of other risk 
factors. Risk factors which are a conditio sine qua non for the development of such a 
complication include the presence of ectopia lentis for the development of high myopia, the 
presence of a small (sub)luxated lens for the development of (pupil-block) glaucoma, etc. 
Indeed, many ocular manifestations and complications of homocystinuria are not independent 
of each other but occur in a fixed sequence, which may be relevant for diagnosis, therapy and 
prognosis. 
It is concluded that many ocular manifestations occur in patients with classical homo-
cystinuria. These features are important in making the clinical diagnosis of the disease, and are 
helpful in the differential diagnosis of the multiplicity of ectopia lentis disorders. Ectopia lentis 
should be recognized as the major risk factor for future ocular complications. 
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Chapter 11 Prevennon of myopia and ectopia lentis 
Abstract 
Purpose. To delermine the long term effect of homocysteine-lowenng therapy on the 
integrity of zonular fibres in patients with hyperhomocysteinemia due to classical 
homocystinuna 
Methods. Clinical and laboratory data were collected from 34 patients diagnosed in the 
period 1970-1994 at the University Hospital Nijmegen as having homozygous homocystinuna 
due to cystathionine synthase deficiency From the time of diagnosis, patients were treated with 
homocysteine-lowenng therapy (pyndoxine, folic acid, betaine) All patients were seen at 
regular follow-up visits for examination of the amino-acid spectrum in the blood and ocular 
features 
Results. In untreated patients, the cumulative risk for the development of myopia and 
ectopia lentis increased with age in the total group of patients From the time of diagnosis and 
the start of homocysteine-lowenng therapy, none of the eight homocystinuna patients without 
ectopia lentis when therapy started developed this abnormality in the follow-up penod (mean, 
12 years, range 3-26 years) After the start of homocysteine-lowenng therapy, there was no 
progression in the degree of myopia in myopic patients, whereas myopia did not develop at all 
in patients whose treatment was started at an early age One patient even showed a gradual 
decrease in myopia, from 12 5 to 3 75 diopters (nght eye) and from 8 5 to 1 25 diopters (left 
eye), in the treatment penod of 12 years 
Conclusion. Homocysteine-lowenng treatment started early prevents the development of 
both myopia and ectopia lentis in patients with classical homocystinuna 
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INTRODUCTION 
Classical homocystinuna is an inborn error of metabolism with autosomal recessive inheritance, 
characterized by the inability to convert methionine to cysteine due to a deficiency of 
cystathionine synthase, ι Four major organ systems may be involved: the eye, the skeleton, the 
vascular system, and the central nervous system. Complications of the disease develop 
progressively if homocysteine-lowenng measures are not started prophylactically at an early 
age.2 We studied the long-term effect of homocysteine-lowenng therapy on the integrity of 
zonular fibres in patients with hyperhomocysteinemia due to classical homocystinuna. 
PATIENTS AND METHODS 
Clinical and laboratory data were collected from 34 patients diagnosed in the period 1970-1994 
at the University Hospital Nijmegen as having homozygous homocystinuna due to 
cystathionine synthase deficiency. The diagnosis of homocystinuna was based on quantitative 
measurements of blood levels of homocysteine and methionine and on the determination of the 
activity of cystathionine synthase in cultured fibroblasts from a skin biopsy. The methods used 
in these determinations have been desenbed before.3.4 Homozygosity for homocystinuna due 
to cystathionine synthase deficiency is charactenzed by severely elevated homocysteine and 
methionine levels in the blood of up to about 20 times higher than normal subjects. Normal 
control values of total homocysteine in fasting plasma do not exceed 19 цтоІ/І in our 
laboratory. The diagnosis is confirmed by the finding of no or only residual activity of the 
enzyme cystathionine synthase in the patient's cultured fibroblasts. All the patients included in 
this study showed these biochemical characteristics, and residual enzyme activity was 
maximally 3% of the mean activity of control subjects. 
All patients underwent complete ophthalmic examinations pnor to the start of treatment and 
at yearly follow-up visits. Ocular refraction and its components were measured using subjective 
and objective methods, by keratomelry (Javal), and by echography of the axial length. The 
degree of myopia was expressed in diopters (D). In cases of astigmatism, myopia was 
expressed as spherical equivalent myopia. Various degrees of myopia were distinguished, 
myopia (ä 1 D), high myopia (ä 5D), and very high myopia (a 10 D) of each eye. The 
presence of ectopia lentis was examined with slit-lamp biomicroscopy, before and after 
maximal dilatation of the pupils. Ocular data before referral were studied from clinical records 
and prescriptions for glasses 
From the time of diagnosis, patients were treated with homocysteine-lowenng therapy 
(pyndoxine, folic acid, betaine) which nearly normalized their fasting homocysteine blood 
levels. All patients were seen at regular follow-up visits for examination of the amino-acid 
spectrum and ocular features. 
The cumulative nsk of developing myopia and ectopia lentis in untreated patients of the total 
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group was calculated by means of life table survival analyses. To study the effect of treatment 
on the degree of myopia in individual cases, the sum of myopia in both eyes was used. 
RESULTS 
Of 34 consecutively diagnosed homocystinuna patients, 18 were male and 16 female. In the 
untreated patients (mean age, 24 years; range, 1-61 yrs), the cumulative nsks for developing 
various degrees of myopia (Fig. 1) and ectopia lentis (Fig. 2) increased with age to 100%. In 
26 patients, ectopia lentis had developed before the diagnosis and start of treatment In ten of 
these untreated patients with ectopia lentis, lenses had luxated totally into the anterior chamber 
or vitreous (7 unilateral cases, 3 bilateral cases) For obvious reasons, the effect of treatment on 
myopia and ectopia lentis was only studied in those patients whose lenses were not removed or 
totally luxated at the time of diagnosis and start of treatment. None of the eight homocystinuna 
patients without ectopia lentis when therapy started developed ectopia lentis in a mean follow-
up period of 12 years (range, 3-26 years; Table 1). In individual cases, myopia was clearly 
progressive until the start of homocysteine-lowenng therapy (Figs. 3 and 4) After the start of 
treatment, myopia stabilized in myopic patients (Figs. 3,4, 5 and 6), whereas myopia did not 
develop in patients whose treatment was started at an early age (Figs. 7 and 8). One patient 
(Fig 9) showed a gradual decrease in myopia, from 12 5 to 3 75 diopters (right eye) and from 
8.5 to 1 25 diopters (left eye), over the treatment period of 12 years No positive effect of 
treatment was observed on myopia in patients with clear indodonesis and phakokinesis, i.e., 
whose lenses were already submaximally luxated at the time of the start of treatment. However, 
of 18 patients who had subluxated lenses in situ at the start of treatment, none developed totally 
luxated lenses into the anterior chamber or vitreous during the follow-up period. 
Table 1. Ectopia Lentis Before the Start of Treatment and Occurrence of New Cases After the 
Start of Treatment 
Age Number Development of ectopia lentis Follow-up 
at of after start of 
diagnosis patients before treatment after treatment treatment 
Neonatal 0 
1- 5 yrs 4 
6-25 yrs 17 
26-65 yrs 13 
2 (50%) 
13 (76%) 
11 (85%) 
0(0%) of 2 
0(0%) of 4 
0 (0%) of 2 
26 and 5 years 
18, 12, 8, and 3 years 
18 and 5 years 
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Cumulative risk (%) of myopia in untreated homocystinuria 
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Figure 1. Cumulative risk of developing various degrees of myopia in 34 
untreated homocystinuria patients 
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Figure 2. Cumulative risk for having developed ectopia lentis at various ages in 
34 untreated homocystinuria patients. 
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Myopia (Pat. C, born 1962) 
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Figure 3. Development of very high myopia in an adult patient with 
homocysteine-lowering treatment started late. The degree of myopia is 
expressed in diopters (sum of spherical equivalent myopia of right and left 
eye). 
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Figure 4. Development of very high myopia in a young patient with 
homocysteine-lowering treatment started late. The degree of myopia is 
expressed in diopters (sum of spherical equivalent myopia of right and left 
eye). 
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Figure 5. Course of myopia in a patient with homocysteine-lowering 
treatment started late. Absence of any progression of myopia after the start 
of treatment. The degree of myopia is expressed in diopters (sum of 
spherical equivalent myopia of right and left eye). 
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Figure 6. Course of high myopia in a patient with homocysteine-lowering 
treatment started late. Absence of any progression of myopia after the start 
of treatment. The degree of myopia is expressed in diopters (sum of 
spherical equivalent myopia of right and left eye). 
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Myopia (Pat. L, born 1975) 
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Figure 7. Absence of high myopia after the start of treatment at an early 
age. The degree of myopia is expressed in diopters (sum of spherical 
equivalent myopia of right and left eye). 
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Figure 8. Absence of myopia after the start of treatment at a very early age. 
The degree of myopia is expressed in diopters (sum of spherical equivalent 
myopia of right and left eye). 
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DISCUSSION 
In homocystinuria, the ocular zonular fibres composed of non-collagenous glycoproteins with 
high content of cysteines are postulated to disrupt due to lack of cystine disulphide bonds 
between the glycoproteins.6.7 Disjunction of the cystine disulphide bonds after disulphide 
exchange with homocysteine is also thought to be important.8 Weakening of ocular zonular 
fibres causes spherophakia, which results in myopia of lenticular origin. Further weakening or 
disruption of ocular zonular fibres will cause subluxation of the lens. At a later stage, when 
practically all fibres are lost, the lens may luxate totally into the anterior chamber or vitreous. 
These well-known ocular complications in the natural history of classical homocystinuria are 
theoretically preventable if the lack of zonular cysteine is stopped before the zonules are 
disrupted. Pyndoxine treatment decreases serum homocysteine and increases serum cysteine in 
pyndoxine-responsive patients with classical homocystinuria. The present study shows a 
favourable effect of pyndoxine therapy, possibly in combination with folic acid and/or betaine, 
in regard to the development and degree of myopia as well as the development of ectopia lentis. 
The decrease in high myopia after the start of treatment, as demonstrated in one patient, allows 
the presumption that damage to the zonules is partially reversible. 
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Figure 9. Decrease of very high myopia after the start of treatment. The 
degree of myopia is expressed in diopters (sum of spherical equivalent 
myopia of right and left eye). 
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A positive effect of homocysteine-lowenng treatment on the development of lens luxation is 
suggested in an international questionnaire surveying the natural history of homocystinuna due 
to cystathionine ß-synthase deficiency by Mudd and co-workers.2 They found ectopia lentis 
development at significantly slower rates in untreated B6-responsive than in untreated B6-
nonresponsive patients. Later on, in B6-responsive and in B6-non-responsive patients treated 
early, the number of lens dislocations was significantly lower in the follow-up period after the 
start of treatment than expected if untreated. All our patients were B6-responsive and in the 
main detected and treated relatively late. 
In the evaluation of the clinical effect of therapy it is desirable to perform a randomized, 
placebo-controlled, double-blind study. However, in homocystinuna it is unacceptable to 
withhold treatment from a patient, because of the potential risk of life-threatening 
arteriosclerotic and thromboembolic complications. Nevertheless, from studies like the present 
and previous ones,2·8-!0 ц is justifiable to conclude that early treatment of hyperhomo-
cysteinaemia prevents the development of myopia and ectopia lentis in pyndoxine-responsive 
patients with classical homocystinuna. 
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Chapter 12. Ectopia lentis et pupillae syndrome 
Abstract 
In nine members from three generations and in a distant relative, at least three significant 
characteristics of the ectopia lentis et pupillae syndrome were established including ectopia 
lentis, ectopia pupillae, persistent pupillary membrane, ins transillumination, and poor pupillary 
dilatation. All patients developed bilateral cataract before the age of 40 years, and two patients 
presented with intermittent acute intraocular hypertensive crises Not only the high number of 
patients in one family, but also the occurrence in three generations is very exceptional for the 
ectopia lentis et pupillae syndrome Although the syndrome is said to be inherited in an 
autosomal recessive mode, in this family, a mother to son and a mother lo daughter 
transmission were present. Pedigree analysis yielded arguments in favour of an autosomal 
dominant inheritance with reduced penetrance A biochemical correlation was not identified. 
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INTRODUCTION 
Ectopia lentis et pupillae (ELP) is a congenital hereditary disorder in which there is 
displacement of the lenses and the pupils, associated with other ocular anomalies, but without 
systemic manifestations.'-'б The condition is usually bilateral, with the lenses and pupils 
displaced in opposite directions. However, a marked variability in expression is observed 
between the two eyes of a patient and among affected members of a family.13·!6 The ELP 
syndrome must be differentiated from displacement of the pupillary position (corectopia) as a 
result of intraocular surgery, or other progressive ocular disorders - for example, essential ins 
atrophy. Chandler's syndrome, Rieger's syndrome, and intraocular inflammation. 17 
We examined a patient with classic ELP syndrome and studied the family because the 
mother of the proposita was also affected 
PATIENTS AND METHODS 
The proposita (VII-24), a 36-year-old woman, presenting with congenital bilateral ectopia lentis 
et pupillae, asked for genetic counselling because several members of her family had poor 
vision. She was diagnosed elsewhere as having Rieger's syndrome. The patient and her 
relatives underwent complete ophthalmic examinations, including measurement of the refractive 
error by subjective techniques (in adults) or cycloplegic retinoscopy (in children), corrected 
visual acuity measurement, slit-lamp biomicroscopy of the anterior segment before and after 
pupillary dilatation, ophthalmoscopy, and applanation tonometry. If ectopia lentis was 
diagnosed, measurement of the corneal diameter (ruler), corneal curvature (Javal 
ophthalmometer) and axial length (Α-scan ultrasonography) were performed Photographic 
documentation was performed as previously described.is Several members of the family had 
already been examined in our department At the time of this study, the two oldest aunts of the 
proposita were deceased. A genealogical study was performed in order to search for 
consanguinity between the parents and malemal grandparents of the proposita. Later on, a 
distant relative (VIII-25) also presented with congenital bilateral ELP, and the genealogical 
study was extended. A number of patients underwent elaborate general examinations in order to 
rule out systemic and metabolic disorders, such as Marian's syndrome and homccystinuna. 
RESULTS 
In one family, we observed 10 patients with a congenital syndrome characterized by bilateral 
ectopia lentis, and associated abnormalities of the pupil (ectopia pupillae, persistent pupillary 
membrane, poor pupillary dilatation) and ins (ins transillumination, eccentnc circular folds). 
Other ocular complications (cataract, glaucoma, uveitis, retinal detachment), high myopia and 
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Figure 1 Pedigree of a family with ectopia lentis et pupillae syndrome in three 
generations, showing 10 affected patients. The spouses of unaffected family members 
(VII-32 and VII-63) were examined and found to be normal. 
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Table 1 - Findings in Patients With the Ectopia Lentis et Pupillae Syndrome 
Generanon VI VI VI VI VI VII VII VII Vili Vili 
Patient No 2 4 10 li 12 10 21 24 10 25 
Sex(MIF) F F M F F F M F F M 
Eye (RIL) RL RL RL RL RL RL RL RL RL RL 
Ectopia lentis ++ ++ + + + + + + + + ++ ++ ++ ++ 
Ectopia pupillae— ++ — ++ — — ++ ++ — ++ 
Pupillary 
membrane — # # ++ ++ — — — — ++ +-
Ins trans­
illumination # # # # ++ ++ — ++ ++ ++ — ++ 
Poor pupillary 
dilatation # # ## ++ ++ ## ## ++ ++ # # + + 
Prominent 
ins processes * * ## — # # — # # — ## ## 
Axial length # # # # # 25 24 23 21 21 21 21 30 31 23 24 20 20 21 21 
Corneal 
diameter(mm) ## ## и 12 # # # и 11 12 11 11 10 10 11 12 11 11 
Corneal 
radlUS (mm) # # # # 7 7 7 7 # # 7 4 7 4 # # 7 9 7 9 8 0 7 9 7 3 7 2 7 6 7 7 
Cataract # # # # ++ ++ ++ ++ ++ ++ ++ ++ 
Glaucoma ++ ++ ++ ++ ++ — ++ -+ 
Retinal 
detachment — +- +- — +- — -+ 
Uveitis 
Poor vision ++ ++ 
(<6/20) 
=Condiuon absent, + =condition present, # =condiüon not examined. 
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poor vision were also seen. Systemic abnormalities were not found. The family pedigree is 
shown in Figure 1 and the clinical features are summarized in the Tables 1 and 2. The proposita 
(Figure 2; VI1-24), her brother (VII-21), mother (VI-4), a maternal aunt (VI-11), and a distant 
relative (VIII-25) all had classic ELP syndrome, whereas other family members showed ectopia 
lentis associated with other major signs of the syndrome In one case (VI-10), the persistent 
pupillary membrane was so dense that surgery was needed to open the pupil. All the patients 
diagnosed as ELP had a history of poor vision. There was no history of poor vision in the 
grandparents (V-l and V-2) of the proposita. The syndrome was present in five patients of 
generation VI, in three patients of generation VII, and in two patients of generation VIII. One 
affected female (VI-2) had an affected daughter, whereas another affected female (VI-4) 
transmitted the trait to a son and a daughter. The spouses of the unaffected family members VII-
32 and VII-63 were examined and found to be normal.The maternal grandparents of the 
proposita were consanguineous. In fact there was consanguinity in three successive 
generations, but consanguinity of the parents of the proposita could not be demonstrated (Fig 
1). The great grandparents, but not the parents of the distant relative (VIII-25) were 
consanguineous. 
None of the affected family members had any systemic abnormalities related to disorders 
associated with ectopia lentis In three patients, homocyslinuna was ruled out with certainty by 
serum evaluation in the fasting state and after methionine loading. One patient (VII-10) 
underwent extensive investigations for metabolic disease: there were no abnormal findings of 
the amino acids, organic acids, purines, pynmidines, mucopolysaccharides, oligosaccharides, 
neuraminic acid, galactitol and sorbitol in plasma and unne. 
Table 2 - Clinical Findings in the Ectopia Lentis et Pupillae 
Syndrome, in Affected Members of One Family 
No. of abnormal patients/ 
Condition No. of examined patients % 
Ectopia lentis 
Ectopia pupillae 
Persistent pupillary membrane 
Ins transillumination 
Poor pupillary dilatation 
Cataract before age 20 yrs 
Cataract at age 40 yrs 
Glaucoma 
Retinal detachment 
Uveitis 
Poor vision (< 6/20) 
10/10 
5/10 
4/9 
6/8 
5/5 
3/8 
8/8 
7/10 
4/10 
2/10 
10/10 
100 
50 
44 
75 
100 
38 
100 
70 
40 
20 
100 
140 
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Figure 2 Patient (VII-24; proposita) with classic ectopia lentis et pupillae syndrome 
(top), showing upward displaced eccentric pupiL· (middle), downward displaced 
subluxated lenses and poor pupillary dilatation (bottom). Only the superior edge of the 
left lens is visible (arrows). 
DISCUSSION 
The patients of this study fulfil the criteria for the diagnosis ELP syndrome: in five patients, the 
characteristic picture of bilateral ectopia lentis with congenital ectopia of oval or slit shaped 
pupils was present. In the remaining five patients there were, in addition to bilateral ectopia 
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lentis, a number of symptoms which are described in the studies of the ELP syndrome as 
significant, such as transillumination of the ins periphery,13.i6 a dense pupillary mem-
brane,6.13·16 poor pupillary dilatation despite repeated pharmacologic attempts, із 16 high axial 
myopia,4·16 poor vision,!4·16 a high prevalence of ocular complications at young age - for 
example, cataract,3··3 glaucoma,4 uveitis, retinal detachment,* and lack of systemic disorders 
known to be associated with ectopia lentis.·9 
Other causes of ectopia pupillae were ruled out. Ectopia pupillae simplex (EPS) usually is 
inherited as an autosomal dominant trait without ectopia lentis Rieger's syndrome is 
characterized by a prominent Schwalbe's line all around the corneal periphery. There is often 
hypoplasia of the ins stroma with through and through holes in the ins, causing polycona and 
corectopia (ectopia pupillae). Marked corectopia is almost always unilateral in progressive 
essential ins atrophy, a subtype of the mdocomeal-endothehal (ICE) syndrome, which includes 
disorders of the corneal endothelium with varying degree of endothelialisation of the antenor 
chamber angle and ins surface. 
Ectopia lentis simplex (ELS) is inherited as an autosomal dominant trait, but the existence of 
an autosomal recessive form also has been reported 2°-22 Dominantly inhented ectopia lentis 
simplex is usually bilateral and symmetrical, with the lenses dislocated upward and laterally, 
but without ectopic pupils.23 
None of our patients showed clinical signs of Marian's syndrome, in which ectopia lentis is 
commonly present and ins transillumination has been documented clinically.24 As with ectopia 
lentis simplex, our patients showed lenticular myopia, amblyopia, cataract, glaucoma, retinal 
detachment and poor vision. Compared to other authors 1 6 our patients show a remarkable high 
prevalence of cataract before the age of 40 years. Intermittent acute intraocular hypertensive 
crises occurred in two affected members of generation VI. Enlarged corneal diameters·3·16 
were not found. Microsphero-phakia, another symptom sometimes described in the ELP 
syndrome,13 was not found. 
In some respects the presented family is unique. Ten patients with the ELP syndrome in one 
pedigree is exceptional. Most pedigrees contain three,5·6·8·12-14·16 sometimes four,4 and 
rarely five patients.1 Because the presence of ectopic pupils is a selection cnlenon for the 
diagnosis ELP syndrome, the pedigrees with only one affected patient for obvious reasons will 
show a 100% prevalence of ectopia pupillae. However, many studies show that, if there are 
more patients in one family, ectopia pupillae is not an obligatory sign. 4 · 5 · 8 · 1 0 · 1 3 · 1 6 In 
pedigrees with the ELP syndrome, the number of eyes with ectopia lentis presenting with 
significant ectopia pupillae is near 50%,4·5·13·16 but may vary from 33% 4 to 100%.12·14 The 
50% ectopic pupils that we found in our study is in accordance with these data. 
Another exceptional finding in our study is the presence of the ELP syndrome in three 
generations. In ELP pedigrees from the literature (Table 3), the syndrome was present in only 
one generation in 20 pedigrees.1 2.4 6·8.1 2-1 4·1 6 This was also the case in 11 pedigrees 
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published before 1920 and cited by Siemens.ι ELP is inherited as a recessive trait.5.11 
François'i summarised publications from 1885 to 1947 and noted that consanguinity has been 
reported in many studies. He noted further that there were no exceptions to the concept of an 
autosomal recessive inheritance. An autosomal recessive inheritance of the ELP syndrome is 
suggested by the occurrence in several siblings of one generation, consanguinity,2.4,5.14,15 
and an equal distribution between males and females. Extensive search of the literature resulted 
in only two pedigrees with more than one affected generation. In the report of Walls and 
Heath,10 two generations were affected, suggesting a dominant inheritance: a female with ELP 
had a son with normal pupils but with ectopia lentis in one eye; her twin sister had ectopia lentis 
in both eyes. Strebel and Steiger in 1915 reported the occurrence of ELP in four generations, in 
combination with myopia and cardiac disease. 1-2 
Table 3 - Ectopia Lentis et Pupillae Syndrome in the Literature 
Reference 
Siemens (cited) 
Siemens1 
Waardenburg2 
Fecht4 
Franceschetti5 
Crebbin6 
DiethelmS 
Walls and 
Heath") 
Townes12 
Luebbers 
et al. із 
Crossa 
Goldberg ι« 
Present study 
Total 
Number 
of 
pedigrees 
|1 
1 
1 
1 
2 
1 
1 
1 
1 
3 
1 
8 
1 
Number 
of 
generations 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
3 
Number 
of 
patients 
5 
1 
4 
5 
1 
2 
3 
2 
6 
2 
16 
10 
Male/ 
female 
ratio 
13/13 
1/4 
0/1 
3/1 
4/1 
1/0 
1/1 
0/3 
2/0 
3/3 
2/0 
11/5 
3/7 
44/39 
Patients/ 
pedigree 
5 
1 
4 
2, 3 
1 
2 
3 
2 
1.2,3 
2 
1,2,3 
10 
Ectopia 
lentis 
(eyes) 
10 
2 
6 
9 
2 
4 
5 
4 
12 
4 
30 
20 
108 
Ectopia 
pupillae 
(eyes) 
10 
2 
2 
7 
2 
2 
2 
4 
8 
4 
19 
10 
72 
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In our pedigree, the inheritance of the ELP syndrome is not unequivocal. There are arguments 
in favour of an autosomal recessive inheritance, because the parents ot the proposita are 
consanguineous and, by history, not affected In addition the parents of the patients VIII-10 
andVIII-25 were not affected. Furthermore five affected individuals (VI-10, VI-12, VII-10, 
VII-21, VII-24) had 24 normal children However, arguments for a dominant inheritance are 
found in the fact that two affected persons had three affected children, and that the ELP 
syndrome occurred in three generations. Pseudodominance could not be proved despite 
extensive genealogical investigations. A possible explanation is that in our pedigree the ELP 
syndrome is transmitted as an autosomal dominant trait with reduced penetrance and variable 
expression. 
A strict distinction into an autosomal recessive inherited ELP syndrome, an autosomal 
dominant inherited ectopia pupillae syndrome or an autosomal dominant inherited ectopia lentis 
syndrome, is in our opinion too artificial and probably no longer justified. In order to solve the 
many questions, we must go back to the genetic mechanisms involved in the development of 
both lens and ins. The late Waardenburg25 wrote in 1932: "it is very likely that the recessive 
ectopia lentis syndrome and the ectopia pupillae et lentis syndrome, at least in a number of 
cases, have a common genetic origin." Whatever the transmission, the affected members of the 
pedigree we present here are suffering from a common genetic defect. 
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Chapter 13: Craniosynostosis and ectopia lentis 
Abstract 
Ectopia lentis has rarely been reported to occur in association with craniosynostosis, and this 
was only found in sporadic cases. We report on twin sisters who underwent surgery for 
craniosynostosis and later on, at the age of 3 years, were found to have bilateral ectopia lentis. 
Molecular studies yielded a probability of monozygosity of more than 0.98. Inheritance of the 
syndrome may be autosomal dominant, presumably derived from a new mutation, or autosomal 
recessive. 
Key words: craniosynostosis, ectopia lentis, monozygotic twins, scaphocephaly, trigono-
cephaly, high myopia 
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INTRODUCTION 
Craniosynostosis is a skeletal anomaly of the skull characterized by premature closure of the 
sutures. Autosomal dominant and recessive inheritance, as well as isolated cases have been 
reported.ι Bilateral ectopia lentis has rarely been reported as an ocular manifestation of 
craniosynostosis.2·3 Reports of both were in sporadic cases. We observed the association of 
craniosynostosis and bilateral ectopia lentis in twin sisters. 
CLINICAL REPORT 
Patient 1, K, the first of two twin-baby girls, was born following an uneventful pregnancy of 
37 weeks. At examination seven months after birth, this child had severe scaphocephaly with 
frontal and occipital bossing. The skull circumference was 44 cm (between 50th and 90th 
centile). A 3D-CT scan of the skull confirmed premature closure of the sagittal suture (Fig. 1). 
Figure 1. 3D-CT scan of the skull of patient 1 snowing scaphocephaly and synostosis of 
sagittal suture. Seen from the side, the skull is elongated, with posterior occipital retrusion 
and excessive bulging of the frontal bones anteriorly. 
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Surgical correction of the craniosynostosis was performed when she was 14 months old. 
Except for a slightly retarded motor development, i.e., walking without support at the age of 
22 months, the psychomotor development was unremarkable. 
The parents had noticed subnormal vision and jelly-like movements of the iris (iridodonesis) 
when she was three years old. Ocular examination at this age revealed visual acuity of 6/120 in 
the right eye and 6/24 in the left eye. Measurement of refraction after cycloplegia showed 
myopia and astigmatism (right eye: sph-4.25=cyl-1.5 axis 65° and left eye: sph-0.75=cyl-1.0 
axis 115°). External examination showed iridodonesis of both eyes. There was no strabismus 
or nystagmus. The pupils were central, with isocoria and normal reactions to light. Slit lamp 
examination showed subluxated lenses with iridodonesis and phakokinesis. However, the 
margins of the lenses were not visible due to poor pupillary dilatation with mydriatic and 
cycloplegic eyedrops. A very small remnant of prepupillary membrane was visible in both eyes. 
Corneas and lenses were clear. There was no iris transillumination. The fundus was normal in 
both eyes. Echography disclosed axial lengths of 21 mm in both eyes. Physical examination at 
Figure 2. 3D-CT scan of the skull of patient 2 showing trigonocephaly and synostosis 
of metopic suture. Note the characteristic keel shape of the forehead in axial view, 
providing a contrast with the normal biparietal diameter. The mediofrontal angulation 
extends back asfar as the anterior fontanel in the form of a ridge. This ridge, sometimes 
visible and palpable, corresponds to the fused metopic suture. 
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the age of 4 years revealed a normal stature (height 96 cm, 10th centile). There were no 
dysmorphic features, except for hirsutism over the back and mild hypoplastic toe nails. Joint 
laxity of elbows and knees was present. 
Patient 2, L, the second of the twin baby girls, underwent surgical correction of 
trigonocephaly (Fig. 2) due to synostosis of the metopic suture when she was 23 months old. 
She also had a slightly retarded motor development (walking without support at the age of 22 
months). 
Ocular examination at the age of three years disclosed visual acuity of < 6/120 in the right 
eye and < 6/120 in the left eye. Measurement of the refraction showed very high myopia (> 20 
diopters) in both eyes. External examination revealed iridodonesis, but no strabismus or 
nystagmus. Pupils were central, with isocoria and normal reactions to light. Slit lamp 
examination showed iridodonesis, phakokinesis and ectopia lentis in both eyes. The right lens 
was subluxated into the inferonasal direction and showed a cortical opacity. The left lens was 
completely clear and subluxated into the inferotemporal direction (Fig. 3). Very small remnants 
of the prepupillary membrane were visible bilaterally. Both corneas were clear. There was no 
iris transillumination. The fundus was normal in both eyes. Echography disclosed axial lengths 
of 22 mm in both eyes. 
Physical examination at the age of 4 years revealed a normal stature (height 98 cm, 10th 
centile). Just like her sister, L had hirsutism over the back, mild hyperlaxity of the elbows and 
knees and hypoplastic toe nails. 
Figure 3. Ectopia lentis in patient 2. Note that the right lens is subluxated into the 
inferonasal direction and the left lens into the inferotemporal direction. 
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Family studies 
The family history was negative for both craniosynostosis and ectopia lentis The parents were 
not consanguineous. Ophthalmic examination of the parents disclosed no abnormal findings 
except unilateral myopia (sph -3.0) in the left eye of the mother. Lenses and shape of the head 
were normal in both parents. Height was 170 cm (10th centile) in the father and 167 cm (50th 
centile) in the mother. 
Differential diagnostic studies 
Homocystinuna and the Marfan syndrome were excluded by appropriate studies. Normal 
serum homocysteine levels were found in both children. The children had normal 
echocardiography findings. There were no cardiac valve abnormalities and the diameters of the 
ascending and descending aorta were normal. A cerebral CT-scan revealed a synostosis of the 
sagittal suture in patient К and of the metopic suture in patient L. X-ray examination of the 
cervical spine showed normal vertebrae. Chromosomal studies revealed a normal 46.XX 
karyotype. Molecular investigation of zygosity with six highly polymorphic markers located on 
different chromosomes yielded a probability of monozygosity of more than 0.98. 
DISCUSSION 
Craniosynostosis is characterized by premature fusion of one or more sutures of the skull 
which leads to deformity of the skull and an abnormal head shape. Normally, the sutures close 
when the brain has reached its final dimensions at the age of two years, starting with the 
metopic suture Craniosynostosis may be isolated (e.g oxycephaly) or part of a syndrome (e.g. 
Crouzon syndrome). Syndromic craniosynostosis occurs with other primary defects of 
morphogenesis, and may be hereditary or environmentally induced. Cases in which only one 
suture is prematurely fused are called simple synostosis The deformity is characteristic of the 
type of suture which is involved.1 Most cases of simple craniosynostosis are sporadic. 
The term ectopia lentis is used whenever the crystalline lens is loose or out of place, 
irrespective of the etiology. Bilateral cases are usually of genetic origin and may occur as an 
isolated lens anomaly (e.g., ectopia lentis simplex), as part of an ocular syndrome (e.g., ectopia 
lentis et pupillae), or as part of a systemic disease (e.g., homocystinuna) or syndrome (e.g., 
Marfan syndrome).4.5 In all causes of ectopia lentis, the common factor is that the zonular 
fibers are loose, disrupted or absent. 
Common ocular manifestations of craniosynostosis include proptosis, papilledema, optic 
atrophy, and strabismus. Ectopia lentis has rarely been reported in isolated cases of 
craniosynostosis.2·3 Reichel and co-workers reported a case of a 23-year-old man with 
craniosynostosis, specifically oxycephaly, being associated with bilateral ectopia lentis and 
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unilateral total retinal detachment, э Bilateral ectopia lentis previously was reported in a mentally 
retarded 6-year-old boy with craniosynostosis and scaphocephaly.2 This last patient showed 
characteristics of Crouzon's syndrome such as proptosis and divergent strabismus. However, 
in a senes of 22 patients with Crouzon's syndrome, not one had a dislocated lens,4 and no 
further examples of this association have been reported 
Marfan syndrome, homocystinuria, and Weill-Marchesam syndrome are well-known 
hereditary disorders characterized by ectopia lentis and skeletal anomalies.4 However, these 
disorders were ruled out in our patients 
Shpnntzen and Goldberg described two unrelated boys with features of the Marfan 
syndrome and craniosynostosis 6 These boys had arachnodaclyly, camptodactyly, micro­
gnathia, exophthalmos, abnormal pinnae, pectus cannatum orexcavalum, mitral valve prolapse 
and multiple abdominal hcmiae. They were mentally retarded Furlong and co-workers also 
reported on a patient with a marfanoid habitus and craniosynostosis.7 This male patient had 
typical features of the Marfan syndrome, including dolichostenomelia, scoliosis, pectus 
cannatum, dilated aortic root, myopia and recurrent inguinal herniae He died from aortic 
dissection. This patient also had a scaphocephaly due to premature closure of the sagittal suture. 
However, he had no ectopia lentis, but ptosis and spondylolisthesis Except for the ectopia 
lentis, myopia and joint laxity, our twin sisters had no features of the Marfan syndrome. There 
was no tall stature, no arachnodactyly, and there were no cardiac manifestations. Furthermore, 
our patients do not have the same facial dysmorphisms as the patients of Shpnntzen and 
Goldberg, and Furlong and associates, thereby ruling out these diagnostic possibilities. 
The combination of craniosynostosis, joint laxity and hypoplastic nails has been desenbed in 
cranioeclodermal dysplasia. 8.9 However, other characteristic features of that syndrome, like 
sparse slow-growing hair, microdontia, a short narrow thorax, short limbs with brachydactyly, 
clinodactyly and syndactyly, were lacking in our patients. Myopia and hypermetropia have been 
reported in craruocctodermal dysplasia, but not ectopia lentis. 
We present two siblings with craniosynostosis and bilateral ectopia lentis. The occurrence of 
highly similar associated findings in monozygotic twins supports a genetic cause, although 
environmental factors cannot be ruled out Inhentance may be autosomal recessive or, even 
more likely, autosomal dominant, presumably derived from a new mutation 
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Chapter 14: Corneal radius and aortic root in Marfan's syndrome 
Abstract 
Background. The essence of vascular and ocular manifestations of the Marfan syndrome is 
a specific abnormality of microfibrillar fibers attributed to mutations of a single fibrillin gene on 
chromosome 15 We investigated whether individuals at risk for progressive life-threatening 
dilatation of the aortic root can be identified from measurement of the corneal curvature 
Methods. A masked cross-sectional study was performed of the relation between the 
anterior corneal curvature radius (ACCR) and the aortic root diameter in 252 consecutive 
patients who were suspected of having the Marfan syndrome for various reasons. All patients 
had a complete standardized ocular, cardiac, and general examination in one day by the same 
multidisciplinary team. The clinical findings (except for the result of the masked ACCR 
measurement) were used to diagnose or reject the diagnosis of Marfan syndrome following 
international entena. 
Results. High values of ACCR were associated with high, sometimes life-threatening, 
values of aortic root diameter. Significant correlations between ACCR and aortic root diameter 
were found in the total group of patients (P<0 001), and in all separately evaluated categones, 
including the subgroups of children (P<0.02), adults (P<0.001), patients without ectopia 
lentis, and patients definitely diagnosed as having the Marfan syndrome. In patients of 16 years 
or older with ACCR ^ 8.25 mm, 95 percent (41/43) had a large (¿37 mm) aortic root diameter 
(mean 46 mm, range 29-67 mm). In contrast, of patients in the same age group with ACCR < 
7.75 mm, only 13 percent (8/62) had a aortic root diameter ^ 37mm (mean 31mm, range 19-47 
mm) Patients of all ages suspected of having the Marfan syndrome who presented with high 
ACCR (¿8 25 mm), disclosed a 26-fold increased nsk of having dilatation of the aortic root 
(¿37 mm), compared to those with low ACCR (<7.75mm). For adult patients (^ 16 yrs), the 
corresponding nsk was increased 138 times 
Evaluation of the masked results of the ACCR measurements showed a close correlation 
with the final diagnosis of the multidisciplinary Marfan team After stratification of ACCR into 
six categones (< 7.50 mm, 7.50-7.74 mm; 7.75-7.99 mm; 8.00-8.24 mm; 8.25-8.49 mm; and 
> 8.50 mm), the percentages of patients diagnosed with the Marfan syndrome in these catego-
nes were 4, 12, 27, 60, 87, and 100 percent, respectively. The diagnostic value of the ACCR 
test for making the diagnosis of the Marfan syndrome was calculated with Receiver Operating 
Characteristic (ROC) curves, and its diagnostic value, expressed as AUC (Area Under the 
Curve), gave good results (AUC=0.86; 95% CI= 0 81-0.91) in the total group of 252 patients. 
Conclusions. In patients of all ages suspected of having the Marfan syndrome, the degree 
of aortic root dilatation is strongly correlated with the value of the antenor corneal curvature 
radius. Measurement of the antenor corneal curvature radius may help markedly in diagnosing 
the Marfan syndrome, especially when other clinical major signs (such as ectopia lentis and/or 
aortic dilatation) have not yet developed 
Key words: aortic root, corneal radius, Marfan syndrome, echocardiography, keratometry, 
ectopia lentis. Receiver Operating Charactenstic 
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INTRODUCTION 
Life-threatening dilatation of the aortic root is a well-known complication of the Marfan 
syndrome.1 In addition, patients with the Marfan syndrome have been found with flat comeas, 
i.e., with a larger anterior corneal curvature radius than normal. 2 Because both phenomena are 
probably caused by the same genetic defect that is responsible for abnormal vascular and ocular 
tissue components, we quantified the relation between the anterior corneal curvature radius 
(ACCR) and the aortic root diameter. More specifically, we investigated whether individuals 
with an increased nsk for the development of life-threatening aortic root dilatation can be 
identified from the measurement of the anterior corneal curvature radius 
METHODS 
Subjects 
A masked cross-sectional study of the relation between the ACCR and the aortic root 
diameter in 252 consecutive patients referred to the multidisciphnary Marfan outpatient clinic at 
the University Hospital Nijmegen was performed. All patients were suspected of suffering 
from the Marfan syndrome for various reasons, e g , tall stature, chest deformity, hyperlaxity 
of joints, or having relatives with the Marfan syndrome Patients had a complete standardized 
ocular, cardiac, and general examination in one day by the same team (ophthalmologist, 
cardiologist, internist or pediatrician, and geneticist). Clinical findings (except for the result of 
the masked ACCR-measurement) were reported by each team member to the internist, 
pediatrician, and geneticist, who diagnosed or rejected the Marfan syndrome according to 
international cntena.3 The conclusions were summarized in a printed clinical report for each 
patient. At the end of the present study, results of measurements of the corneal radius were 
compared with the aortic root diameter and the final clinical diagnosis. 
Measurement of anterior corneal curvature 
The radius of the comea was measured with a keratometer (Rodenstock). This instrument is 
routinely used in daily ophthalmic practice for the measurement of corneal astigmatism and for 
the fitting of contact lenses. It utilizes the optical principle that the size of a reflected image, 
which can be measured, is a function of the curvature of the reflecting surface. Calibration, by 
using steel balls of known radius of curvature, showed that the accuracy of measurement was 
±0 02 mm (comparable with ±0.1 diopter refractive power of the cornea, calculated with a 
refraction index η = 1.3375). For the present study, the ACCR was given as a mean value of 
two main meridians (horizontal and vertical) of one eye. Both eyes of all patients were 
examined at the first visit, by the same ophthalmologist, using the same keratometer for ACCR 
measurement. 
157 
Chapter 14: Corneal radius and aortic root tn Marfan's syndrome 
Measurement of aortic root diameter 
The patients were investigated in left lateral decubitus with a Toshiba SSH 140A or SSH 
165A and a Vingmed 750 echocardiograph. The diameter of the aortic root was derived from 
the parasternal long axis view at the level of the aortic valve. The largest end-diastolic 
dimension of the aortic sinus was measured between the anterior and postenor wall following 
the leading edge to leading edge principle. 
Criteria for the diagnosis of Marfan's syndrome 
Confirmation or rejection of the diagnosis of the Marfan syndrome was agreed on by the 
team using international clinical criteria.3 With regard to Marfan syndrome, three diagnoses 
were possible: 1. Marfan syndrome; 2. no Marfan syndrome; or 3. possible Marfan syndrome. 
Possible Marfan syndrome was diagnosed in patients with strong evidence for the syndrome, 
who did not yet completely fulfil the diagnostic entena. 
Statistical Analysis 
The relation between ACCR and the aortic root diameter was evaluated in different ways. 
First, Spearman correlation coefficients were calculated between the two continuous variables 
in different subgroups of the study population. Second, after stratification of ACCR in six 
categories of 0.25 mm (= SD of ACCR in normals), ACCR stratum specific mean values of 
aortic root diameter were calculated. Third, differences in the percentages of abnormal aortic 
root diameter values (> 37 mm) over these strata were tested for statistical significance by using 
chi-square distribution, as well as by calculation of odds ratios and exact 95 percent confidence 
intervals.4 The validity of ACCR as a diagnostic test in patients suspected of the Marfan 
syndrome was evaluated by the calculation of the test's sensitivity, specificity, and predictive 
value. The test's validity was also summarized by the calculation of Receiver Operating 
Characteristic (ROC) curves.5 With sensitivity of the test on the Y-axis versus the percentage 
of false positives on the X-axis, this gives the complete range of sensitivity/specificity test 
characteristics with vanous cut-off points. The area under the curve (AUC) shows the 
discriminating capacity of a diagnostic test (AUC=0.5 is a poor test; AUC=1.0 is an excellent 
test). For this calculation, a software program developed at our Department of Epidemiology 
was used. The program is based on a report by Hanley and McNeill.6 For all other analyses 
we used the Statistical Analysis System software package (SAS Institute Incorporated, Cary, 
NC). 
RESULTS 
Study population 
Of the total of 252 referred patients with suspected Marfan syndrome, 123 (49 percent) were 
male and 129 (51 percent) were female. The age distnbution was: 76 (30 percent) children (age 
< 16 years), 129 (51 percent) younger adults (age ¿ 16 years but < 40 years), and 47 (19 
percent) older adults (ä 40 years). The mean age was 26.1 years (range 1 to 63 years). 
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Aortic Root Diameter versus Corneal Radius 
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Figure 1. Scalier plot of diameter of the aortic root versus anterior corneal curvature 
radius in the total group of patients. Results of measurement are taken at the moment of the 
first visit and include patients of all age categories. 
There were no significant differences between the ACCR of right or left eyes (data not 
shown). We used only the measurement of the right cornea in this study. Accurate measurement 
of the ACCR was possible in 247 (98 percent) of the patients, because there was a lack of 
cooperation by five children. Accurate measurement of the aortic root diameter was possible in 
250 (99 percent; all but two children of 1 and 2 years of age). Therefore, only seven of 252 
observations had missing values. 
Following the international clinical criteria, 111 patients were diagnosed with the Marfan 
syndrome, 124 patients were normal (not Marfan), and 17 patients with possible Marfan. Of 
the patients diagnosed with the Marfan syndrome, 72 (65 percent) had ectopia lentis. 
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Aortic Root Diameter versus Corneal Radius 
Aortic root diameter (mm) 
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Figure 2. Relation between the diameter of the aortic root (mean values) and anterior 
corneal curvature radius in patients of three age categories. Note that the mean diameter of 
the aortic root is larger in children with high ACCR value, than in adults with low ACCR. 
Correlation of corneal radius and aortic diameter 
In the total group of patients, the aortic root diameter was significantly correlated with age 
(R=0.48; P<0.001), whereas ACCR was not age-dependent (R= -0.10; P= 0.10). High values 
of ACCR were associated with high, sometimes life-threaterung, values of aortic root diameter 
in the total group of patients (Fig. 1), and in all age categories (Fig. 2). A positive correlation 
between the ACCR and the aortic root diameter was found in the total group of patients (n=245; 
Spearman correlation coefficient 0.49; P<0.001). This correlation was also present in all 
separately evaluated categories, including children of less than 16 years old (0.55; P<0.001), 
adults (0.59; P=<0.001), patients without ectopia lentis, and patients ultimately definitely 
diagnosed with the Marfan syndrome. In patients of 16 years or older with ACCR ä 8.25 mm, 
95 percent (41/43) had a large (¿37 mm) aortic root diameter (mean 46 mm, range 29-67 mm). 
In contrast, patients of the same age category with ACCR < 7.75 mm, only 13 percent (8/62) 
0-16 Years 
16-40 Years 
40-65 Years 
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had a large (¿37 mm) aortic root diameter (mean 31mm, range 19-47 mm). Patients of all ages 
suspected of having the Marfan syndrome who presented with an abnormally high ACCR 
(¿8.25 mm; 24% of all patients), disclosed a 26-fold increased risk (95% Confidence Interval: 
10-76) of having dilatation of the aortic root, compared to those with a low ACCR (<7.75mm). 
For adult patients (> 16 yrs), the corresponding nsk was increased 138 times (95% Confidence 
Interval: 26-1276). 
Correlation of the corneal radius to the Marfan diagnosis 
Evaluation of the masked results of the ACCR measurements showed a close correlation 
with the final diagnosis of the multidisciplinary Marfan team (Table 1). The higher the ACCR 
value, the higher the chance of a Marfan syndrome diagnosis. The diagnostic value of ACCR 
was calculated with Receiver Operating Characteristic (ROC) curves. The diagnostic value of 
ACCR, expressed as AUC (Area under the Curve), was 0.86 (95% Confidence Interval: 0.81-
0,91) for the ACCR of the total group (Fig. 3). In the subgroups, the diagnostic value was 
0.85 in young patients (age <16 years); 0.86 in adult patients (age ¿ 16 years), and 0.83 in 
patients without ectopia lentis. For comparison, the diagnostic value of aortic root diameter for 
the diagnosis of the Marfan syndrome, expressed as AUC, was 0.82. 
The mean ACCR of patients who were diagnosed as normal was 7.71±0.24. Of all patients 
diagnosed by the Marfan team as definitely having the Marfan syndrome, the mean ACCR was 
8.22±0.33. Of these Marfan patients, 92 percent had showed an ACCR of ¿7.75 mm at the 
first clinical examination. 
Table 1. Correlation of the Initial Masked ACCR Measurement with Final Diagnosis of the 
Multidisciplinary Marfan-Team 
ACCR* (mm) 
<7.50 
¿ 7.50 - < 7.75 
¿ 7.75 - < 8.00 
¿ 8.00 - < 8.25 
¿ 8.25 - < 8.50 
¿8.50 
η =247 
23 
57 
59 
48 
38 
22 
Diagnosis: 
Marfan Syndrome 
4% 
12% 
27% 
60% 
87% 
100% 
No Marfan 
96% 
86% 
64% 
29% 
0% 
0% 
Possible Marfan 
0% 
2% 
8% 
10% 
13% 
0% 
*ACCR= anterior corneal curvature radius. 
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Figure 3. Receiver operating characteristic curve for the ability of ACCR 
measurement to predict a diagnosis of the Marfan syndrome in Marfan-suspect 
patients of all ages. 
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Figure 4. Keratometry readings (ACCR) in patients definitely diagnosed with the 
Marfan syndrome, with ectopia lentis (+EL) and without ectopia lentis (EL). 
DISCUSSION 
The pleiotropic manifestations of the Marfan syndrome, such as the progressive dilatation of the 
aortic root with the fragmentation of elastic lamellae of the tunica media, and the stretched 
ciliary zonules in ectopia lentis, is attributed to a specific abnormality of microfibrillar 
fibers,7 caused by mutations in a single fibrillin gene on chromosome 15.8 Because Marfan 
patients are found to have a flatter cornea (ι е., a larger ACCR) than normale it is conceivable 
lhal both phenomena are caused by the same genetic defect. Possibly it allows both structures 
(eye and aorta) to dilate more than normal, as a result of intraocular and intravascular fluid 
pressure, respectively 
It was found in the present study that large aortic root diameters parallelled high ACCR 
values at the time ot examination in all age categories Since the aortic root diameter was found 
to be age-dependent, while ACCR was not, it can be concluded that Marfan-suspect children 
with a high ACCR have an increased risk for developing aortic root dilatation in later life. As in 
the normal population, the corneal curvature radius shows no variation through the age span of 
5-80 years.9 
Our findings imply that patients (of all ages) suspected of having the Marfan syndrome, 
who present with an abnormally high ACCR (¿8 25 mm), have a significantly increased risk of 
already having dilatation of the aortic root as part of this syndrome, compared to those with a 
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low ACCR (<7.75mm). For the subgroup of adult patients (ä 16 yrs) in the present study, the 
corresponding nsk was increased by more than 100 times. 
The relations we found are useful for patients suspected of the Marfan syndrome, especially 
the children of a Marfan patient in whom ectopia lentis has not yet developed and the 
measurement of the aortic root is not yet conclusive because of their young age. Precisely 
which children are more at nsk of developing aortic root dilatation can be detected from 
measurement of the ACCR in routine ocular examination. 
Only accurate measurements of the corneal curvature allow valid conclusions. It is therefore 
necessary to adjust the oculars of the keratometer for individual use. Furthermore, it should be 
realised that the ACCR is given as a mean value of the keratometnc readings in the two main 
meridians of one eye. Patients with unequal astigmatism in the right and left eye may therefore 
have near equal ACCR values for both eyes. 
In patients with an abnormal ACCR, a high correlation was found of one single accurate 
measurement of ACCR with the final conclusions of a team of experts concerning the diagnosis 
of the Marfan syndrome. ROC analysis showed that measurement of ACCR has a good 
predictive value for the diagnosis of the Marfan syndrome, both in children and adults, and 
even in individuals without ectopia lentis, or patients whose aortic roots are still within normal 
limits. The predictive value of ACCR was slightly better than that of increased aortic root 
diameter, which is a well-known major symptom of the Marfan syndrome. For these reasons, 
standardized measurement of ACCR is a valuable clinical diagnostic tool in identifying the 
Marfan syndrome, especially when other clinical major signs (such as ectopia lentis and/or 
aortic root dilatation) have not yet developed. 
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Abstract 
Purpose. This report presents an overview of heterogeneous disorders with the common 
characteristics of early onset cataract and neurological features. Its aim is to help in the early and 
correct diagnosis of disorders with this combined pathology (neuro-calaract syndromes) 
Methods. From 1984, the clinical data of patients with early onset bilateral cataracts (age < 
40 years) have been stored in a data base. From this data base, all patients with neurological 
abnormalities were selected. According to their major presenting clinical signs, they were 
classified as cortical, subcortical, pyramidal, extrapyramidal, cerebellar, cranial nerve, 
peripheral nerve, or muscle pathology. 
Results. I η a group of 750 patients with early onset cataract, 250 patients were found lo 
have neurological pathology. A precise diagnosis was available in 72% of the 250 patients. The 
most common diagnoses were, in decreasing frequency: 1. neuro-cataract syndrome e causa 
ignota; 2. myotonic dystrophy; 3. Usher's syndrome; 4. cerebrolendinous xanthomatosis; 5 
Down's syndrome, 6. congenital cataract-cardiomyopathy syndrome; 7. congenital rubella 
syndrome; 8. rhizomelic chondrodysplasia punctata, 9. autosomal dominant cataract with 
mental retardation or epilepsy; and 10. Walker-Warburg syndrome There were 30 other 
diagnoses with a small number of patients. Of the 250 patients with neuro-cataract syndromes, 
46% were mentally handicapped and 42% visually handicapped, 14% died at a young age. Of 
86 children with neuro-cataract syndrome in the first year of life, 26 (30%) died at an early age 
Conclusion. When confronted with a patient with a neuro-cataract syndrome, it is 
worthwhile to include the diseases mentioned above in the differential diagnosis. To reach this 
diagnosis, the clinical picture of ocular and neurological features, the mode of inheritance and 
the age of the patient must be considered, before selecting the most appropriate laboratory tests. 
Neuro-cataract syndromes presenting in the first year of life have the worst prognosis quoad 
visum and quoad vilam. 
Key words Lens; cataract; mental retardation; epilepsy; pyramidal tract; cerebellum, 
neuropathy; myopathy; neuro-ophthalmology; syndromes 
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INTRODUCTION 
Abnormalities of the ocular lens in children may remain unnoticed for a long time, and when 
they are eventually found, the cause often remains unknown. If at that lime a tentative diagnosis 
is made, this frequently proves later to have been incomplete or incorrect. The same is true for 
children with neurological disorders. However, the finding of combined pathology of the lens 
and nervous system should be a diagnostic challenge, because it increases the chance of 
establishing an aetiological diagnosis. This may have important consequences for genetic 
counselling and for therapy. 
The combination of lens abnormalities and neurological abnormalities is not exceptional. 
This is not unexpected, since the lens and the brain are both of ectodermal on gin. Both are also 
vulnerable lo a number of common toxic influences, after which "healing" is mostly associated 
with permanent scar formation. Pathology of the lens is visible (ш vivo, by slit-lamp 
biomicroscopy) as cataract (abnormal transparency) or ectopia lentis (abnormal position), or is 
noticeable because of its functional effect on vision, refraction, or accommodation. Sometimes 
only the late results of lens pathology are seen, as is the case in aphakia (absent lens) after 
cataract surgery. Nowadays, lens pathology can be obscured for the clinician after the 
successful implantation of an artificial lens! Disorders of the nervous system may manifest 
themselves in many ways, such as mental retardation, behavioural or psychiatric disorder, 
epilepsy, hyper- or hypotonia, ataxia, neuropathy or myopathy, and even premature death. 
This report presents an overview of disorders characterised by early onset cataract and 
neurological features. Its aim is to help in the early and correct diagnosis of disorders with 
combined lens and neurological pathology (neuro-cataract syndromes). 
PATIENTS AND METHODS 
From 1984, the clinical data of patients with early onset (age < 40 years) bilateral cataracts have 
been stored in a data base. For the present study, we selected patients who developed cataract 
before the age of 40 years, with or without other ocular pathology, but with associated 
neurological pathology. According to their major presenting clinical signs, they were classified 
as cortical, subcortical, pyramidal, extrapyramidal, cerebellar, cranial nerve, peripheral nerve, 
or neuro-muscular pathology. 
All patients had general ophthalmic examinations at the Institute of Ophthalmology, 
University Hospital Nijmegen. Lenses were examined by slit-lamp biomicroscopy after 
pharmacological dilatation of the pupils. Other specific examinations were performed at various 
departments at the University Hospital Nijmegen. 
A standard neurological examination elucidated the predominating neurological signs. 
Hypertonia was differentiated as spasticity or rigidity, and hypotonia into cerebral, cerebellar or 
muscle pathology. Spasticity due to cerebral dysgenesis was sometimes masked by muscular 
hypotonia (e.g., muscle-eye-brain disease). 
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Table 1. Neuro-Calaracl Syndromes in 250 Patients 
Diagnosis Number 
of palicnls % 
1. Neuro-calaract syndrome e causa ignota 
2. Myotonic dystrophy 
3. Usher's syndrome 
4. Cerebrotendinous xanthomatosis 
5. Down's syndrome (trisomy 21) 
6. Congenital cataract-cardiomyopathy syndrome 
7. Congenital rubella syndrome 
8. Rhi/.omclic chondrodysplasia punctata 
68 
35 
22 
20 
17 
12 
9 
6 
9. Autosomal dominant cataract & mental retardation 6 
10. Walker-Warburg syndrome 
11. Presumed virus embryopathy 
12. Cockayne's syndrome 
13. Galactosemia 
14. Marshall's syndrome 
15. Smith-Lemli-Opitz syndrome 
16. Wolfram's syndrome 
17. Hallermann-Slreiff syndrome 
18. Muscle-eye-brai η disease 
19. Neurofibromatosis, type 2 
20. Patau's syndrome (trisomy 13) 
21. Pennata! asphyxia 
22. Siahdosis 
23. Alstrom's syndrome 
24. Aortic arch syndrome (Takayasu's disease) 
25. Cystic fibrosis 
26. Cystinuna 
27. Drugs 
28. Laurence-Moon-Biedl syndrome 
29. Lowe's syndrome 
30. Marisol Ps syndrome 
31. Myo-encephalopathy and ragged red fibres 
32. Nathalie syndrome 
33. Phenylketonuria 
34. Pseudo-hypoparathyroidism 
5 
4 
4 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
27.2 
14.0 
8.8 
8.0 
6.8 
4.8 
3.6 
2.4 
2.4 
2.0 
1.6 
1.6 
1.2 
1.2 
1.2 
1.2 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
Continued on next page 
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Table 1. (continued) 
Diagnosis 
35. Radiation for brain tumour 
36. Sjogren-Larsson syndrome 
37. Sturge-Weber syndrome 
38 Uveitis related cataract 
39. Werner's syndrome 
40. Wilson's disease 
Number 
of patients % 
0.4 
04 
04 
0.4 
0.4 
0.4 
RESULTS 
Patients 
Of a group of 750 patients with early onset cataract, 250 patients were found with 
neurological pathology. The male/female ratio was 140/110 in these 250 patients. 
Diagnoses 
A diagnosis was established in 72% of the 250 patients. The clinical diagnoses are 
summarised in the Table 1 The commonest diagnoses included. 1 neuro-cataract syndrome e 
causa ignota (28 %), 2. myotonic dystrophy, 3. Usher's syndrome; 4. cerebrotendinous 
xanthomatosis; 5 Down's syndrome; 6. congenital cataract-cardiomyopathy syndrome; 7. 
congenital rubella syndrome; 8. rhizomehc chondrodysplasia punctata; 9. autosomal dominant 
cataract with mental retardation or epilepsy; and 10. Walker-Warburg syndrome. There were 30 
other diagnoses with a small number of patients in this senes, including Wilson's disease (Fig 
2). These less frequent disorders are listed in alphabetical order. 
The major causes of neuro-cataract syndromes could be further differentiated in 
chromosomal disorders, metabolic diseases, other hereditary or sporadic syndromes, and intra-
uterine infections. 
Differential diagnosis of neuro-cataract syndromes according to major presenting clinical 
neurological features 
The major presenting neurological features are summarised in Table 2. Cataract with mental 
retardation was found in 116 patients, and included a large variety of diagnoses (as it was in the 
total group); in 38 patients the origin of the neuro-cataract syndrome could not be specified. 
Cataract with epilepsy was found in 27 patients, including two patients with Walker-Warburg 
syndrome and two with rhizomehc chondrodysplasia punctata. 
Cataract with pyramidal tract signs was found in 32 patients, including cerebrotendinous 
xanthomatosis in 11 patients and sialidosis in two patients. Cataract combined with extra-
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pyramidal signs was not recorded in any patient. Cataract combined with cerebellar signs was 
present in 18 patients, nine of whom were diagnosed as having cerebrotendinous 
xanthomatosis. 
Cataract with cranial nerve neuropathy was found in 56 patients, mainly with hearing loss. 
In the latter group, 23 patients had Usher's syndrome, seven had congenital rubella syndrome, 
and three had Marshall's syndrome. Cataract with optic neuropathy was found in seven 
patients, including three with Wolfram's syndrome. Cataract with peripheral neuropathy was 
found in 11 patients; four of which were diagnosed with cerebrotendinous xanthomatosis, and 
two with Cockayne's syndrome. Cataract with myopathy was found in 51 patients, including 
33 patients with myotonic dystrophy, 11 patients with congenital cataract-cardiomyopathy 
syndrome, and four with muscle-eye-brain disease. 
Table 2. Major Presenting Neurological Features 
В Mental retardation 
0 Cranial neuropathy 
ffl Myopathy 
Π Pyramidal signs (spasticity) 
• Epilepsy 
{§] Microcephaly 
• Cerebellar signs (ataxia) 
Ш Peripheral neuropathy 
В Automutilation 
0 Hydrocephalus 
ED Encephalocele 
И Macrocephaly 
В Extrapyramidal signs 
Neuro-cataract syndromes that were manifest in the first year of life were seen in 86 
patients. This group includes 11 patients with the congenital cataract-cardiomyopathy 
syndrome, nine patients with congenital rubella syndrome, five patients with Down's 
syndrome, five patients with rhizomelic chondrodysplasia punctata, five patients with Walker-
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Warburg syndrome, three patients with presumed virus embryopathy, three patients with 
Smith-Lemli-Opitz syndrome, and two with Patau syndrome. Of these 86 children with neuro-
cataract syndrome in the first year of life, 26 (30%) died at an early age (neuro-cataract 
syndromes with death in infancy). Of the total group of 250 patients with neuro-cataract 
syndromes, 35 (14%) patients died at an early age. The major disabilities of neuro-cataract 
syndromes occurring in the first year of life are summarised in Table 3. 
Table 3. Neuro-Cataract Syndromes in the First Year of Life 
% 
Ш Neuro-cataract syndrome 
И Visually impaired 
Ξ Mentally handicapped 
Π Prematurely deceased 
DISCUSSION 
There are few references to the crystalline lens in textbooks of neurc-ophthalmology and child 
neurology. Therefore, we studied the patients in our data bank with neurological manifestations 
associated with lens anomalies at an early age. We propose the term neuro-cataract syndromes 
for the heterogeneous group of disorders. From the present study, it can be concluded that half 
of the patients with a neuro-cataract syndrome are menially handicapped, and half is visually 
handicapped. In a quarter of the cases, a more exact diagnosis could not be made. Very poor 
prognoses quoad visum and quoad vitam are found in neuro-cataract patients who develop 
cataract in the first year of life. Our list with differential diagnosis of иеиго-cataract syndromes 
does not pretend to be complete or unchangeable; it reflects our experience over more than 10 
years. 
These neuro-cataract syndromes have a genetic or non-genetic origin. Genetic causes of 
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neuro-cataract syndromes include chromosomal disorders and metabolic diseases, and other 
hereditary or sporadic syndromes Non-genetic causes of neuro-cataract syndromes arc (intra-
uterine) infections, drug exposure, radiation, trauma, inflammation, or tumour 
Chromosomal disorders 
Of the chromosomal disorders, Down's syndrome (trisomy 21) is characterised by mental 
retardation, brachycephaly and hypotonia Congenital cataract occurs in 6% of the patients [1], 
increasing to 50-100% at a later age Minute grey flakes or punctate opacities are typical of 
Down's syndrome [2] Other ocular signs include mongoloid eyelid position, epicanthus, 
strabismus, nystagmus, high myopia, astigmatism, blepharitis, keratoconus, light-coloured and 
spotted indes, and Brushfield's spots [3] Epilepsy can be the expression of cortical 
dysgenesis Edwards' syndrome (trisomy 18) is characterised by mental retardation and 
multiple congenital abnormalities [4] Congenital ocular and neurological features are common 
[5] Posterior subcapsular cataract has also been reported [5] In Patau's syndrome [6] (trisomy 
13), severe ocular malformations (coloboma, microphthalmos or anophthalmos) are associated 
with other developmental disturbances, including congenital cataract [7], small orbit, optic 
atrophy, mental retardation, spasticity, holoprosencephaly, hare lip with cleft palate, cardiac 
abnormalities, and Polydactyly Most children die shortly after delivery [6,7] Turner 's 
syndrome, or gonadal agenesis, is a chromosomal disorder due to a total of 45 chromosomes 
with only one X chromosome Major clinical features include lack of féminisation and 
menarche, a webbed neck and cubitus valgus Ocular findings include cataract (± 10%), ptosis, 
strabismus, epicanthus, blue sclera, colour blindness, and corneal nebulae [8] Mental 
retardation and deafness are infrequent neurological features Various chromosomal deletions 
and translocations have been reported to occur with congenital cataracts and menial retardation 
The "en du chat" (cat-cry) syndrome (deletion of chromosome 5) is associated with severe 
mental retardation, spasticity and cataract [9] Unbalanced 3,18 chromosomal translocation has 
been reported to occur with congenital antenor polar cataracts and mental retardation [10] 
Metabolic diseases 
Of the metabolic diseases, cerebrotendinous xanthomatosis or van Bogaert-Schercr-Epslcin 
syndrome [11] is one of the important neuro-cataract syndromes This is a cholestanol storage 
disease with autosomal recessive inheritance, charactensed by progressive neurological and 
mental deterioration, pyramidal tract signs (myoclonus, spasticity), cerebellar ataxia, xanthomas 
in the brain and tendons, and the development of juvenile cataract [12] Children with both 
juvenile cataract and chronic diarrhoea should have specific biochemical examination for the 
presence of cerebrotendinous xanthomatosis [13] 
Chondrodysplasia punctata or Conradi-Hunermann syndrome is charactensed by proximal 
limb shortening and coarse stippling of the epiphyseal centres Two major types of 
chondrodysplasia punctata are recognised a mild, probably autosomal dominant form (non-
rhizomelic type), and a lethal, autosomal recessive form (rhizomelic type) It has been 
suggested that cataracts are never found in the autosomal dominant form, but are present in 
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about two-thirds of the rhizomelic andX-linked dominant forms [14]. These bilateral dense 
Fig. 1. Anterior polar cataract, clearly visible in the undilated pupil of an adult 
patient with a previous diagnosis of possible multiple sclerosis. Cerebrotendinous 
xanthomatosis could be diagnosed clinically and biochemically in this neuro-cataract 
syndrome. 
cataracts occur in the first months of life [15-18], commonly with psychomotor retardation. 
Sometimes patients have optic atrophy and optic hypoplasia. The metabolic disturbance is a 
peroxisomal defect in plasmalogen synthesis, phytanic acid oxidation, and thiolase processing 
[19]. 
Cockayne's syndrome is characterised by dwarfism after the first year of life, retinal atrophy 
and deafness [20,21]. Cataract has been reported in a number of cases [21,22]. The most 
important features include primary pigmentary degeneration with extinct electroretinogram, 
marked enophthalmos, microcephaly, cerebellar ataxia, chorioathetosis, epilepsy, extra-
pyramidal and pyramidal tract signs, intracranial calcifications, peripheral neuropathy, sensori-
neural deafness, mental retardation, cachectic and disproportionate dwarfism, photosensitivity 
of the skin, premature ageing and premature death. Cockayne's syndrome is probably an 
inborn error of metabolism, and can be considered as a form of leukodystrophy [23]. 
The congenital cataract-cardiomyopathy syndrome is characterised by congenital cataract, 
hypertrophic cardiomyopathy, mitochondrial myopathy of the skeletal muscles, exercise related 
lactic acidosis, and autosomal recessive inheritance [24,25]. Patients present in the first months 
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of life with visual failure and muscular hypotonia. Because of dense bilateral congenital 
cataract, these children will often have early aphakia due to lens surgery in the first year of life. 
Other ocular features include nystagmus, strabismus, axial myopia and myopic fundus changes 
[25]. The patients are mentally normal but die at an early age [25]. 
Fabry's syndrome, or diffuse angiokeratosis, is an X-linked syndrome with vascular skin 
anomalies. Characteristic cornea verticillata (whorl-like epithelial dystrophy) and cataract 
(feathery lens opacities) occur in hemizygous males and heterozygous females Other 
manifestations include conjunctival and retinal telangectasia [26], polyneuropathy, pain, hepato-
splenomegaly, nephropathy, and cardiomyopathy Biochemical analysis reveals a storage of 
ceramide Inhexoside due to a deficiency of the lysosomal enzyme ceramide-tnhexosidase, a 
specific alpha-galactosidase [27] 
Galaclosaemia, due to galactose-1-phosphate uridyl transferase deficiency, is an autosomal 
recessive inherited metabolic disease [28]. It appears with acute early signs, one to seven days 
after a lactose-containing milk diet. Mild to severe vomiting, diarrhoea, lethargy, malnutrition, 
hypotonia, formation of minute lens opacities, jaundice, hepatosplenomegaly, and infection 
with Gram positive micro-organisms are early presenting signs. Severe complications are 
advanced cataract formation and neurological manifestations, including mental retardation and 
epilepsy. Cataract formation in galactosemia is due to the accumulation of galactitol. Classical 
galactosemia is fatal unless galactose is withdrawn from the diet early in life 
Hypolipoproteinaemia is characterised by low high-density lipoprotein cholesterol and low 
apolipoprotein B. Fine sutural cataracts, associated with fat malabsorption, vitamin E 
deficiency, and scoliosis, have been reported in a 6-week-old male infant who required removal 
of bilateral cataracts at 11 years of age [29] Pigmentary retinopathy is a major sign of 
abetal ipoprotei naemia (Bassen-Kornzweig syndrome). Systemic manifestations include 
steatorrhoea, diarrhoea, specific defects in fat absorption (abetahpoproteinaemia), hypotonia, 
muscle wasting, sensory neuropathy, areflexia, ataxia, and spinocerebellar degeneration. 
Striking neurological improvement after a low fat diet and treatment with vitamin E has been 
reported [29]. 
Hypoparathyroidism (HP) is characterised by hypocalcaemia, epileptic seizures and cataract. 
Pseudohypoparathyroidism (PHP) is an abnormality in the calcium homeostasis in which the 
normal effect of parathormone on the target organ is missing. Several biochemical subtypes are 
possible. PHP la is called Albright's hereditary osteodystrophy [30]. In many cases, PHP type 
la is associated with phenotypical features such as short stature, round face, obesity, 
brachydactyly, dyschondroplasia, exostosis, and subcutaneous calcifications. PHP type lb and 
pseudo-pseudo-hypoparathyroidism (PPHP) are probably autosomal dominant disorders PHP 
type II is an autosomal recessive disorder with lamellar cataract, multicoloured lens spots, 
intracerebral calcifications, and sometimes bradyphrenia and mental retardation 
Ketotic hypoglycaemia of childhood is a metabolic disorder characterised by sporadic 
episodes of hypoglycaemia with ketonuna following a period of low carbohydrate intake or 
fasting The association of ketotic hypoglycaemia with cataract has been reported [31-33]. 
Neurological signs such as epilepsy/convulsions, ataxia, psychomotor retardation and/or EEG-
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abnormalities are present in more than half of the patients [33J 
Lowe's oculo-cerebro-renal syndrome [34] is characterised by congenital cataract, severe 
mental retardation, epilepsy, hypotonia, growth failure, aminoaciduria, and X-linked 
inhen tance 
Mannosidosis is an autosomal recessive metabolic disease due to lysosomal a-mannosidase 
deficiency, leading to accumulation of mannose-nch oligosaccharides in tissues Characteristic 
cataracts (punctate lenticular opacities with spoke-like or wheel-like posterior capsular opacities) 
are associated with mental retardation, Hurler-like appearance, short stature, and 
hepatosplenomegaly [35,36]. 
Maple syrup urine disease, or Thomson's syndrome, is an autosomal recessive metabolic 
disorder characterised by "branched chain ketoaciduna", congenital cataract, mental retardation, 
negative Moro reflex, hypertonia, and myoclonia 
Mannesco-Sjogren syndrome [37,38] is an autosomal recessive syndrome characterised by 
congenital cataract, spinocerebellar ataxia, mental retardation, and muscular hypotonia. 
Electrophysiological and morphological lindings confirmed myopathic features [39]. There is 
evidence of a lysosomal storage disorder [40] 
Mucopolysaccharidoses (MPS) are characterised by facial and skeletal dysmorphism, mental 
retardation and corneal clouding, with autosomal recessive inheritance. Cataract is not a 
frequent feature, but it has been described in a number of subtypes: Hurler's syndrome (MPS 
I), Sanfihppo's (MPS III) [41], and Morquio syndrome (MPS IV) [42] 
Phenylketonuria (PKU) or phenylpyruvic oligophrenia is an inborn error of phenylalanine 
metabolism characterised by mental retardation, epileptic seizures, and brain calcifications. 
Cataract has been reported [43,44] To what extent cataracts occur in untreated classical PKU is 
unknown because of the lack of case reports addressing this symptom 
Refsum's syndrome, or heredopalhia atactica hemeralopica polyneuntiformis [45], is an 
autosomal recessive error in fatly acid oxidation resulting in phytanic acid storage disease. 
Retinitis pigmentosa is an essential sign Other less important ocular manifestations are cataract, 
miosis, corneal oedema, external ophthalmoplegia with or without ptosis, glaucoma, 
nystagmus, optic atrophy, and ectopia lentis Neurological signs include polyneuropathy, 
spinocerebellar ataxia, anosmia, and sensorineural deafness Other systemic manifestations are 
ichthyosis and cardiomyopathy 
Siahdosis, type 1, is an autosomal recessive metabolic disorder (mucolipidosis) 
characterised by a cherry red spot and myoclonus syndrome [46] Perinuclear, deep cortical, 
cataract or punctate subcapsular cataract are present [47]. Visual failure is caused by the 
cataracts and cherry-red macula. Neurological signs include dysarthria, ataxia, and intention 
myoclonus in early adult life, but intelligence is normal Biochemical diagnosis is made after 
finding a deficiency in lysosomal neuraminidase with normal ß-galactosidase, and large 
amounts of sialylated oligosaccharide in the un ne and deficient sialidase activity in cultured 
fibroblasts. Sialidosis, type 2 (galactosialidosis, adult form), is a rare metabolic disease caused 
by the decrease of the 'protective' protein which is necessary for activating both ß-galactosidase 
and sialidase, and is characterised by myoclonus, cerebellar ataxia, epilepsy, mental retardation. 
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gargoyle features, skeletal dysplasia, angiokeratoma, and visual disturbances Bilateral punctate 
lenticular opacities were observed in 2 out of 3 adult cases [48]. Other ocular signs include a 
cherry-red spot of the macula, corneal deposits in the deep corneal stroma, and optic nerve 
atrophy [49] With electron microscopy, several types of intracytoplasmic inclusions can be 
observed in conjunctival biopsies [49]. In this lysosomal disorder, there are decreased 
enzymatic activities of both ß-galaclosidase and neuraminidase (sialidase). 
Sjogren-Larsson syndrome [50] is an autosomal recessive syndrome characterised by 
congenital ichthyosis, mental retardation, short stature and pyramidal tract spasticity (diplegia or 
tetraplegia). Bilateral cataracts are congenital or may develop during the first months or years of 
life. The cataracts are typically lamellar, but may also be polar or total Other ocular signs 
include a characteristic macular degeneration [51], microphthalmos, retinal detachment, optic 
atrophy and ectopia lentis. Neurological signs include mental retardation, quadnplegia, internal 
hydrocephalus, ataxia, hypotonia, microcephaly, and deafness Recently, Rizzo and co-
workers reported impaired fatty alcohol oxidation in cultured fibroblasts due to deficient alcohol 
NAD+ oxidoreductase activity [52]. 
The Smith-Lemli-Opitz syndrome is an autosomal recessive syndrome characterised by 
microcephaly, ambiguous male genitalia (pseudo-henmaphroditism), anleverted nostrils, 
syndactyly of the second and third toes, failure to thrive and vomiting, with death occurring in 
early childhood [53]. Dense bilateral cataracts occur in the neonatal period [54] Other signs 
include hypotonia, mental retardation, microcephaly, and a tendency toward a shrill cry 
Corpus callosum agenesis has been reported [55]. Plasma cholesterol levels are abnormally 
low, caused by a major block in cholesterol biosynthesis [56] 
Wilson's disease, or autosomal recessive hepatolenticular degeneration, is caused by a 
deposition of copper, mainly in the basal ganglia and the liver A brownish discolouration of 
the anterior lens capsule [57] in a petal-like distribution, gives the characteristic "sunflower 
cataract". It is a progressive neurological disease, with Kayser-Fleischer rings in the corneas, 
ataxia, dysarthria, tremor, nystagmus, athetosis, hypotonia, liver disease, and jaundice in 
children. 
Wolfram's syndrome is characterised by the association of juvenile diabetes mellitus and 
juvenile optic atrophy as a familial event [58]. Heredity is probably autosomal recessive 
Known by the synonym DIDMOAD syndrome it includes diabetes insipidus, diabetes mellitus, 
optic atrophy, and deafness (and anosmia). Juvenile cataracts have been reported [59,60] 
Zellweger's syndrome, or cerebrohepatorenal syndrome, is an autosomal recessive 
syndrome characterised by prenatal cerebral dysgenesis, hepatic dysgenesis, microcystic 
kidneys, and aminoaciduria. Tapetoretinal degeneration [16,61], cataract [16,62,63], severe 
mental retardation, hearing impairment, epilepsy, and hypotonia are neuro-ophthalmic features. 
Life expectancy is less than one year. 
Other hereditary syndromes 
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Fig. 2. Anterior capsular cataract and Kayser-Fleischer ring in a child with Wilson's disease. 
Top: right eye. Bottom: left eye. Left: anterior view on lens. Right: slit-lamp photography. 
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There are many other hereditary syndromes that may be considered as neuro-cataract 
syndromes Cerebro-Oculo-Facio-Skeletal (COFS) syndrome is an autosomal recessive syn­
drome which is lethal It is characterised by cerebral (microcephaly, mental retardation, hypo­
tonia, and abnormal swallowing mechanism), ocular (microphthalmia and cataracts), facial 
(blepharophimosis) and skeletal anomalies (limited joint movement, kyphosis, and flexion 
contractures) [64,65] 
Crome and coworkers reported congenital cataracts in association with renal tubular necrosis 
and encephalopathy in two sisters [66] 
Flynn-Aird syndrome is a neuro-ectodermal syndrome of autosomal dominant inheritance 
with ocular (bilateral cataract, myopia, nightblindness, and atypical tapetoretinal degeneration), 
neurological (muscle weakness, ataxia, paralyses, aphasia, epilepsy, and deafness), and other 
systemic manifestations (skin atrophy, osteoporosis, kyphoscoliosis, diabetes mellitus, and 
decreased 17-ketosteroids) [67] 
Gillespie described an aniridia syndrome, in which aniridia is associated with cataract, 
cerebellar ataxia, and mental retardation [68] 
Goltz' syndrome is an X-linked dominant syndrome (lethal in men), characterised by focal 
dermal hypoplasia, Polydactyly, syndactyly, and dental anomalies Other features include 
coloboma (ins, choroid and retina), glaucoma, ectopia lentis, strabismus, nystagmus, mental 
deficiency, and hearing loss [69] Gorlin-Goltz syndrome [70] is another autosomal dominant 
syndrome characterised by abnormalities of the skin (multiple naevoid basal-cell epithelioma), 
bone (bifid rib), and teeth (jaw cysts) Agenesis of the corpus callosum may be part of the 
symptom complex [70] We believe that abnormal eyes (congenital cataract, ocular colobomas, 
and strabismus) do not occur in Gorlin-Goltz syndrome, as reported by some authors, but in 
Goltz' dermal hypoplasia syndrome 
Hallgren's syndrome [71] is characterised by retinitis pigmentosa and deafness, in 
combination with vestibulocerebellar ataxia and mental retardation Cataract, optic atrophy and 
skeletal abnormalities may occur 
Incontinentia pigmenti, or the Bloch-Sulzberger syndrome, is a congenital X-linked 
dominant dermatologica! disorder with irregular skin pigmentation in female patients It is lethal 
in men Ocular signs include an avascular peripheral retina, retinal detachment, strabismus, 
cataracts and optic atrophy Mental retardation (12%), epilepsy (13%), and spastic paralysis 
( 11 %) are reported in a review of 464 references [72] 
Laurence-Moon-Bardet-Biedl syndrome is characterised by mental retardation, obesity, 
Polydactyly, hypogenitalism and tapetoretinal degeneration Cataracts may occur but are rare 
The Lenz microphthalmia syndrome is an X-linked malformation syndrome, characterised by 
microphthalmia, mental retardation, and aural, digital, skeletal, and urogenital anomalies [73] 
Marshall's syndrome [74] is an autosomal dominant syndrome characterised by facial 
abnormalities (saddle-nose, flat midface, and anteverted nostrils) ocular abnormalities (high 
myopia, congenital and juvenile cataract), and a hearing defect (sensorineural deafness) Some 
patients showed spontaneous maturation and absorption οΓ the lens, and others showed 
spontaneous luxation of a cataractous lens 
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Martsolf's syndrome has been reported in children of consanguineous parents. The 
syndrome is characterised by microcephaly, severe mental retardation, cataracts, short stature, 
and primary hypogonadism [75,76] 
Meckel's syndrome, or autosomal recessive dyscnccphalic splanchnocystic syndrome, is 
characterised by various types of congenital cerebral and cerebellar dysgeneses (microcephaly, 
anencephaly, meningocystocele, meningomyelocyslocele, and skull abnormalities), congenital 
ocular abnormalities (cataract, microphthalmos, ins coloboma, and exophthalmos), palato-
schisis, hypospadia, Polydactyly, and multiple cysts (liver, pancreas, kidneys, and ovaries). 
Muscle-eye-brain (MEB) disease is a clinical entity consisting of congenital muscle 
dystrophy with eye and brain involvement, with autosomal recessive inheritance [77]. Severe 
visual failure with uncontrolled eye movements are the general features of the syndrome. 
Mature cataracts are present in 20% of affected patients [78]. Ocular symptoms include 
nystagmus, myopia, congenital glaucoma, cataract, optic disc pallor, colobomas, and choroidal 
hypoplasia [78]. Neurological signs include muscular dystrophy, psychomotor retardation, and 
hydrocephalus The serum creatinine-phosphokinase (CPK) is moderately elevated in the 
neonatal period 
Myotonic dystrophy, or Curschmann-Steinert syndrome, is an autosomal dominanlly 
inherited progressive muscle atrophy. Early cataracts are characteristic and consist of fine 
scattered dust-like opacities in the cortex and subcortical region. Multicoloured, refraclile bodies 
are scattered among these finer dustlike opacities Other features include a myopathic face with 
bilateral ptosis, low intraocular pressure, pattern dystrophy of the macula [79], frontal 
baldness, swallowing problems, gonadal atrophy, and oligophrenia. 
Neurofibromatosis type 2 (NF2) is an autosomal dominant disorder that usually presents in 
the second or third decade with hearing loss or tinnitus as a result of an acoustic neun noma. A 
highly significant statistical association of posterior capsular lens opacities with bilateral 
acoustic neun nomas has been observed in a study of 47 patients with NF2 [80]. 
Nome's disease is a rare X-Iinked syndrome characterised by blindness due to bilateral con-
genital ocular atrophy. It is associated with cataracts, mental retardation, an hearing loss [81]. 
Schafer's syndrome [82] is an autosomal dominant skin disorder characterised by congenital 
dyskeratosis, cataract, mental retardation, and microcephaly. 
The Usher syndrome is an autosomal recessive disease characterised by congenital 
sensorineural hearing loss and retinitis pigmentosa Adult patients develop posterior 
subcapsular and postenor cortical cataracts [83] 
The Warburg syndrome [84-87], or Walker-Warburg syndrome, is a primary lethal neuro-
dysplasia [88] with autosomal recessive inheritance, characterised by the concomitant presence 
of typical alterations of the CNS (hydrocephalus, agyna) and of the eye (retinal dysplasia and 
anterior segment anomalies), with or without encephalocele (synonym: HARD±E syndrome) 
[86]. Neurological signs include cortical agyna (lissencephaly), and cerebral and cerebellar 
dysplasia. Cataract is found in 66% [89] and retinal dysplasia in 100% of affected patients. 
Microphthalmia, retinal detachment, persistent pnmary vitreous, an ten or chamber cleavage 
syndrome (Peters' anomaly) with associated congenital glaucoma are also found [89] Absence 
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of retinal dysplasia has been reported [90]. 
Werner's syndrome is an autosomal recessive disorder characterised by a habitus of old age, 
atrophic dermatosis with trophic ulcerations of legs, juvenile cataract, and endocrine 
disturbances. Other ocular signs include blue sclera, keratopathy, paramacular retinal 
degeneration [91], and corneal metastatic calcification [92]. Neurological signs consist of 
mental retardation, myopathy, and a high voice. 
Other sporadic syndromes 
The Rubinstein-Taybi [93] syndrome is a condition with broad thumbs and toes, facial 
abnormalities, microcephaly, and mental retardation. Cataract has been reported in 13% of such 
cases [94]. Cerebral ischaemia is associated with cataract in the idiopathic aortic arch syndrome, 
also called pulseless disease or Takayasu 's disease [95] 
Intrauterine infections 
Infection of the mother during pregnancy may cause cataract in the intrauterine child These 
infections include rubella [96], varicella [97], herpes zoster, poliomyelitis, influenza, syphilis 
[98], infectious mononucleosis, toxoplasmosis, and cytomegalic inclusion disease. Intrauterine 
viral infections may cause not only congenital cataract, but also microphthalmos, retinitis, 
microcephaly, encephalitis, cerebral calcifications, deafness, and problems of psychomotor 
development [99]. 
Drug exposure 
Cataracts may be caused by exposure to drugs that must be used in the treatment of 
neurological disorders (e g , phenolhiazine [100], and corticosteroids). On the other hand, 
neurological symptoms and cataract may be caused by drug intoxication (naphthalene, 
thorazine, echothiophate iodide, paradichlorobenzene, tnparanol, busulfan, corticosteroids, 
sulfonamides, and hypervitaminosis D) Corticosteroid induced cataracts, postenor subcapsular 
and mostly bilateral, occur after prolonged treatment with high-dose systemic steroids (15-20 
mg/day of prednisone for a period of more than 2 years) 
Radiation 
Radiation cataracts can be caused by X-rays, microwaves or ionizing radiation [101]. 
Radiotherapy of brain tumours may also induce cataract formation if the eyes are included in the 
field of irradiation. Cataract formation is a function of the dose of radiation A single dose of 
300 rad may lead to a cataract which typically occurs after a latency period. Progression does 
not always occur. The cataract type is postenor subcapsular and/or antenor subcapsular. 
Trauma 
Trauma of the head may cause neurological signs and symptoms, and may be associated 
with a traumatic cataract which is usually unilateral. Cataracts can also be caused by 
automutilation in severely mentally retarded patients A combination of neurological damage 
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and traumatic cataract is possible in the battered child syndrome [102]. 
Differential diagnosis 
Although different features indicate that the syndromes are separate clinical entities, the 
multiple common ocular features suggest that some of them are closely related, or may have a 
common pathogenetic pathway [16]. It has recently been pointed out that Zellweger's syndrome 
and Conradi's syndrome are both peroxisomal diseases. Zellweger's syndrome is a 
peroxisomal biogenesis disorder, whereas Conradi's rhizomelic chondrodysplasia punctata is a 
peroxisomal disorder resulting from more than one enzyme deficiency [19]. According to recent 
opinions, the muscle-eye-brain (MEB) disease is not distinguishable from Warburg's syndrome 
(HARD±E) or Walker-Warburg syndrome [103] Some "other hereditary syndromes" are now 
listed in the category of metabolic diseases because of new evidence [56]. In some neuro-
cataract syndromes both genetic and non-genetic factors play a role. In phenylketonuria, a 
disorder listed as a metabolic disease, the neurological symptoms are considered a direct effect 
of the inborn error of metabolism, but self-induced trauma or high dosages of thioridazine 
medication can significantly contribute to the cataractogenesis [104]. 
The main conclusion of our review is that examination of the ocular lens, as part of routine 
ophthalmic examination, is essential when a child or young adult presents with a neurological 
problem. For the early detection of lens anomalies such as cataract and ectopia lentis it is 
necessary to perform slit-lamp biomicroscopy before and after maximal dilatation of the pupils. 
Also, objective refraction should be measured after cycloplegia. 
To reach the diagnosis in a иеиго-lens syndrome, the characteristics of the clinical picture 
(lens, eye, and systemic features), the mode of inheritance, and the age of the patient must be 
considered before selecting the most appropriate laboratory tests. Specialized ocular function 
tests (ERG, VEP), neurological tests (EEG, EMG), and neuro-imaging (cerebral CT-scan, 
MRI-scan) may be necessary investigations in specific syndromes. Biochemical and 
chromosomal investigations, and muscle or skin biopsies, can complete the diagnostic 
programme The discovery of cataract associated with neurological features should stimulate the 
clinician to search for a cause of this combined pathology. This review can help in the search 
fora precise aetiology of the combined pathology. An early aeliological diagnosis can lead to 
preventive genetic counselling and, for some diseases (e.g , cerebrotendinous xanthomatosis, 
Wilson's disease, etc.), allow the initiation of early treatment in order to prevent further 
neurological and mental damage. The poor prognosis of some of the neuro-cataract syndromes 
in the first year of life should be considered seriously in the planning of cataract surgery. 
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Chapter 16· Grading system for ectopia lentis 
Abstract 
A system is described for the uniform registration of patients with ectopia lentis (EL). The 
classification is based on grading the stages of ectopia lentis by slit-lamp examination and 
ophthalmoscopy. The lens positions can be summarized in a simple code (EL-code), which 
includes: 1. the extent of lens displacement and the direction m which the lens has been 
displaced in the right eye; 2. the extent of lens displacement and the direction in which the lens 
has been displaced in the left eye; and 3. the age of the patient when the new lens positions 
were documented for the first time. On the basis of the natural course of ectopia lentis, six 
stages of the extent of displacement of the lens were distinguished (0, 1/4. '/2 3'4 1, A), with 
subluxation being symbolized by a hypothetical '/4 ''2 or3/4 proportion of total luxation (stage 1) 
and aphakia symbolized by A. Away from the normal central position (cc), 10 positions of 
dislocation can be encoded for the direction of lens displacement (ss, sn, nn, in, 11, it, tt, st, aa 
and pp). The EL-code can be used in the search of the most probable cause of ectopia lentis in a 
new patient and provides a semi-quanti tati ν e parameter in ectopia lentis studies 
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INTRODUCTION 
Ectopia lentis (EL) is frequently seen as an inherited condition that may occur as an isolated 
ocular disorder or in association with various systemic diseases, such as the Marfan syndrome, 
homocystinuna, Weill-Marchesani's syndrome and many other disorders.i 
The displacement of the lens may be unilateral or bilateral, partial or complete, stable or 
progressive, congenital or late, spontaneous or induced, etc. Furthermore it has been observed 
that the direction of lens displacement may be different in various systemic diseases, such as the 
Marfan syndrome and homocystinuna. 2 Taking into account that all these parameters may help 
in the differential diagnosis of diseases associated with ectopia lentis, it may be useful to 
describe and document the presence and progression of ectopia lentis in a systematic and 
uniform manner 
METHODS AND RESULTS 
Stages of ectopia lentis 
On the basis of the natural course of EL, 6 stages of displacement of the lens were 
distinguished based on slit-lamp microscopy before and after maximal dilatation of the pupils, 
with subluxation being symbolized by a hypothetical proportion of total luxation (Fig. 1): 
In stage 0, the possibility that the lens is either loose (indodonesis, phakokinesis) or out of 
place is excluded by careful slit-lamp biomicroscopy, before and after maximal dilatation of the 
pupil. 
In stage '/4, minimal dislocation of the lens is apparent, e.g., by indodonesis or 
phakokinesis. However, the lens remains behind the ins in the patellar fossa, and after full 
dilatation of the pupil no lens edge can be seen by frontal slit-lamp examination 
In stage '/2, displacement of the lens is visible after pupil dilatation The zonule is partially 
weakened, stretched, or broken. The lens is displaced upward, downward, or to one side, so 
that one edge can be seen in the normal or dilated pupil However, the lens is still in the patellar 
fossa, and for vision the lens containing part of the pupil is used. 
In stage З/4, the displacement of the lens is defined as in stage 1/2, except that the aphakic part 
of the pupil is used for vision. In stage 3/4 the patient has better vision with the aphakic than the 
phakic visual correction when the pupil is undilated 
In stage 1 the lens is completely displaced from the patellar fossa, in which case the lens 
may be totally dislocated either anteriorly into the anterior chamber, or posteriorly into the 
vitreous. 
In stage A, the eye is aphakic, after the lens has been removed from the eye, surgically or by 
trauma. 
Direction of displacement 
Aside from the normal central (cc) position, 10 possibilities were distinguished for the 
direction in which the lens can be displaced (Fig 1). superior (ss), supero-nasal (sn), nasal 
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Classification of ectopia lentis 
Stages of ectopia lentis 
Stage 0 
Normal. No signs of 
subluxation of the lens. 
Stage 1/4 
Signs of minimal subluxation. 
However, with frontal slit-lamp 
examination the edge of the lens 
is not visible through the 
maximally dilated pupil. 
Stage 1/2 
Subluxation. Edge of the lens 
is visible in the dilated pupil 
and the lens containing part of 
the pupil is used for vision. 
Stage 3/4 
Maximal subluxation. 
Edge οΓ the lens is visible in 
the dilated pupil and the 
aphakic part of the pupil is 
used for vision. 
Stage 1 
Total luxation. 
The lens is completely luxated 
into the anterior chamber, 
or into the vitreous. 
Stage A 
Aphakia. 
The lens has been removed 
from the eye 
(§) О 
(§) C) 
(§) 0 
(§) 0 
® Ό 
(¡β) é~) 
(Φ) <Q 
Direction 
C C 
S S 
sn 
nn 
i n 
i i 
i t 
t t 
s t 
aa 
PP 
* * 
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(nn), infero-nasal (in), inferior (u), infero-temporal (it), temporal (tt), superotemporal (st), 
anterior (aa) into the anterior chamber, and posterior (pp) into the vitreous. 
In stage 0, the lens is always central (cc). In stage stage 1/4 the lens is still considered central 
(cc) when no direction of displacement can be distinguished after full dilatation of the pupils. In 
stages '/4, ''2, or3/4, the lens may be displaced superiorly (ss), supero-nasally (sn), nasally (nn), 
infero-nasally (in), inferiorly (u), infero-temporally (it), temporally (tt), or supero-temporal I y 
(st). In stage 1, the direction of displacement of the lens may be either anterior (aa) or postenor 
(pp). In the stage A, direction is inapplicable. The symbol * is added for every stage which has 
occurred artificially, by surgery (A**), YAG laser zonulolysis (3/4i*),3j*or trauma. Artificially 
obtained stages do not represent the natural history of the disease. 
Age of the patient 
The age of the patient is recorded in years in the following way: 
(00) = 0-year-old 
(01) = 1-year-old 
(02) = 2-year-old 
etc., allowing ectopia lentis to be classified in time. 
So, all EL-code records that contain "(00)" are patients documented in the first year of life, and 
consequently, records that contain "(0" are patients documented in the first decade. All records 
that contain " (Γ arc patients documented in the second decade; etc. 
The ectopia lentis classification code 
With this proposed classification code of ectopia lentis it is thus possible to document the 
stage of ectopia lentis in every patient at any age. The complete ectopia lentis code (EL-code) is 
a combination of 8 variable symbols and 3 non-variable symbols: 1. the stage (S) of ectopia 
lentis in the right eye; 2. & 3. the direction of displacement (dd) of the lens in the right eye; 4. 
the comma; 5. the stage (S) of ectopia lentis in the left eye; 6. & 7. the direction of displacement 
(dd) of the lens in the left eye; 8. the opening bracket; 9. & 10. the age of the patient that this 
new situation was documented for the first time; and 11. the closing bracket. The comma and 
the brackets are non-vanable symbols. Therefore, every right eye is represented by the code 
"Sdd," and every left eye by the code "Sdd(". 
Figure 1. (Lefi page) System for the uniform registration of ectopia lentis based 
on grading the stage of ectopia lentis and the direction of lens displacement, 
cc -central; ss ^superior; sn =supero-nasal; nn =nasal; in =infero-nasal; i i 
=inferior; i t =infero-temporal; tt =temporal; st =supero-temporal; ss =superior; 
аа =anterior (into anterior chamber); pp =posterior (into vitreous); ** =artificially 
obtained lens displacement (not representing the natural course of the disease). 
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Report of a case 
A female, bom in 1960, showed no unusual ocular features in the first decade. She developed 
very high myopia in both eyes when she was 12 years old, and was diagnosed elsewhere in 
1977 as having high myopia due to bilateral ectopia lentis Her lenses were displaced in an 
inferonasal direction. In 1980, the patient presented as an emergency with the right lens totally 
luxated into the anterior chamber. In the highly myopic left eye the lens was found subluxated 
in an infero-nasal direction. The totally dislocated right lens had been replaced behind the ins by 
pressure on the cornea 
This case report can be summarized as follows· 
1960EL: 0 c c , 0 c c ( 0 0 ) or 0 . 0 0 c c , 0 . 0 0 c c ( 0 0 ) 
1972EL:'/4cc, '(4CC(12) or 0 . 2 5 c c , 0 . 2 5 c c ( 12) 
1977EL: i /2Ìn ,"2Ìn(17) or 0 . 5 0 i n , 0 . 5 0 i n ( 17) 
1980EL. l a a , i / 2 i n ( 2 0 ) or 1 . 0 0 a a , 0 . 5 0 i n ( 2 0 ) 
1980EL: l p * , >/2in(20) or 1 . 0 0 p * , 0 . 5 0 i n ( 2 0 ) 
The EL-code may be of value in finding the most probable cause of ectopia lentis in this patient. 
In our computerized data base of EL-codes of more than 500 patients with ectopia lentis we 
can, for example, retrieve the diagnoses of all patients who ever developed the EL-code " laa" 
("find all records that contain laa"). We can thus find patients of all ages with various clinical 
diagnoses, including nght or left monocular (e.g , trauma) and binocular cases The same holds 
true if we look for all records that contain the EL-codes "'/¡¡in" or " 1/2Γ. Therefore, more 
specific information can be obtained from finding identical cases with similar EL-codes, e.g , 
" l a a . ^ i n ^ O ) " or "1/цп,1аа(20)", or more practically, patients with a similar EL-code: 
"laa,1/2in(2" or " '/2in,laa(2" who presented with this EL-code in the third decade, or finding 
the patients with EL-codes "laa,'/2in(l" or "'/2іп,1аа(Г who presented with this EL-code in the 
second decade. This excludes all monocular cases, all congenital cases, and all cases with this 
EL-code at a late age. The most likely diagnosis of this EL-code in our data base was 
homocystinuna and this could be confirmed biochemically in our illustrative case report.5 
Photo graphical documentation of ectopia lentis 
To document a patient's "ectopia lentis code" by photography as well, we have developed 
photographic techniques to demonstrate partial dislocation of both lenses in one photograph 6 
Three methods of photographing ectopia lentis are described The Topcon TRC-50 VT fundus 
camera and the Nikon Medical Nikkor 200 mm are suitable, because both eyes can easily be 
photographed in one picture (Fig. 2). The subluxated lenses show up well against the red reflex 
of the fundus, even through small pupils The photo-slitlamp is ideal for visualization of the 
lens fnnge and zonular fibers of a subluxated lens in EL-stage '/2 (Fig. 3) and EL-stage 3/4. 
However, photographs with retro-illumination of the luxated lens produced on the photo-
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slitlamp do not include both eyes on one photograph, the photo-slitlamp being optically 
constructed for higher magnifications. Totally luxated lenses in the vitreous (EL-stage: lpp) can 
be photographed with the Rodenstock Panfundoscope together with a photo-slitlamp (Fig. 4).7 
The mobility of a subluxated lens may be depicted ultrasonically,8 which can be documented 
with echographic photography. Ectopia lentis may occasionally be found as an unexpected 
finding during a cerebral CT scan.9 
Figure 2. Photo-slitlamp visualization of the lens fringe and zonular fibers of a 
subluxated lens (right eye) in a patient with EL-code 1/2ІП, '^in (25). 
DISCUSSION 
With this proposed ectopia lentis classification code it is possible to register the grade of lens 
luxation, of both eyes together or separately, in relation to age, or in relation to any other ocular 
or systemic parameter, in a uniform manner. It is easy to determine the code with standard 
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ophthalmologic^ examination, and this yields reproducible results. The risk of inter-observer 
variations is very small because expressing the grade of EL in quarters of total luxation is easier 
to remember than a classification system with arbitrary numbers. 
The EL-code is suitable for longitudinal study of a patient because the progression of ectopia 
lentis in time is easily surveyable as a result of the semi-quantitative gradation in relation to age. 
Classification and codification of stages of ectopia lentis is of clinical interest in order to 
solve the question of whether the natural history of the progression of ectopia lentis is different 
in the various ectopia lentis disorders. It makes it possible to measure the influence of diet 
(methionine restriction) or drugs (pyridoxine) on the natural history of ectopia lentis in metabolic 
Figure 3. Photo graphical documentation of bilateral ectopia lentis in superonasal direction. 
Aphakic refraction since the age of 9 years. Patient with EL-code: 3/4sn, fysn (09). 
diseases (homocystinuria). Furthermore, it may make clear that some ocular complications 
(retinal detachment, glaucoma, cataract, myopia) in patients with ectopia lentis may be more 
related to the stage of ectopia lentis than to the systemic/metabolic disease itself. It is apparent 
that code " laa" (totally luxated lens in the anterior chamber) is associated with glaucoma, and 
that code "З/4ІП" (maximal subluxation) is associated with hypermetropic refraction. Questions 
that can be answered accurately are: Is cataract more frequently found in association with stage 
"'/4in" than stage " 3/4St", and is this independent of the cause of ectopia lentis? Is the occurrence 
of retinal detachment more frequent in stage "A*" (aphakia after surgery) than stage "lp" 
(totally luxated lens in the vitreous)? 
The EL-code is applicable for computerized diagnosis of the most probable cause of ectopia 
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lentis in a new patient, by searching for the diagnoses of patients with similar EL-codes to the 
new patient. 
Figure 4. Photographic documentation of a lens which has dislocated completely 
into the vitreous cavity of the left eye at age 57. Patient with EL-code: 
0cc,lpp(57). 
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The direction of lens displacement has been used as a differential diagnostic tool in the 
past.2,10 Degrees of dislocation were described by Casper el al. и These authors distinguished 
5 grades of dislocation: 0, 1, II, III, IV and V based on slit lamp view. Their stage 0 is our 
stage 0. Their stages I and II are our stage 1/2, III is our stage З/4, our stage 1 of totally anteriorly 
or posteriorly luxated lenses is missing, and IV is our stage A (aphakia). 
In this system of ectopia lentis classification, we combine information from the right as well 
as the left lens, include information with respect to grading and direction of displacement, and 
relate it to age. This provides a maximum of information with respect to the presence, stage and 
progression of ectopia lentis, summarized in a simple code. 
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CHAPTER 17 
THE CRYSTALLINE LENS 
AS A REFLECTION OF HEREDITARY AND METABOLIC DISEASE: 
GENERAL DISCUSSION 
J. R. M. CRUYSBERG, M.D. 
Chapter 17: General discussion 
To understand cataract formation, 
one needs to understand first transparency 
Professor Hans Bloemendal 
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INTRODUCTION 
In ophthalmic practice, the lenses of healthy individuals aged less than 40 years old are in 
general clear and without particular abnormality. At older ages, increasing opacity of the lens is 
common, while dense cataract is a frequent clinical finding in people over 80, when it is mostly 
considered to be a manifestation of the normal ageing process. 
However, early onset cataract (e.g., congenital, infantile, juvenile, etc.) can be caused by a 
number of genetic or environmental factors Numerous birth defects, syndromes and diseases 
have been identified in which abnormalities of the ocular lens may occur as a constituent part of 
the disorder. The complex aetiology of clinical lens abnormalities (e g. cataract, ectopia lentis, 
etc.) can be summarised as a four step process, genetic & environmental factors —• birth 
defects, syndromes & diseases —• basic & structural lens abnormalities —• clinical lens 
abnormalities. According to this concept, it is likely that many abnormalities of the crystalline 
lens may reflect the presence of hereditary disorders, including metabolic diseases. Because 
abnormal lenses are nowadays successfully removed by skilled ocular surgeons, and replaced 
by artificial lenses, one could easily forget that the crystalline lens has properties that makes it 
an ideal medium for tracing hereditary and metabolic diseases at an early age. The crystalline 
lens appears unusually vulnerable to a variety of genetic and metabolic defects. There have been 
many reports of clinical lens abnormalities where metabolic aetiologies have been demonstrated 
and of others where metabolic causes, although not demonstrated, are likely. The lens is an 
exceptional organ in that the cells formed during its development are normally not destroyed or 
replaced The earliest cells are in the centre, and the fibres formed later are superimposed. The 
time at which the different layers form is known from histological and slit-lamp examinations 
[Van den Heuvel, 1956]. Therefore, any opacity occurring within the lens from the earliest 
weeks of the embryo to the last days of life can be localised in time, rather like the rings in a cut 
tree trunk. Furthermore, abnormalities can be seen microscopically by non-invasive slit-lamp 
examination as part of a standard ophthalmic investigation. 
Can one extrapolate from clinical abnormalities of the crystalline lens to suggest the presence 
of hereditary or metabolic disease? To answer this question, the clinical abnormalities of the 
lens that occurred as a sign of other disease were studied, using a large senes of patients. The 
goal of this study was an attempt to make earlier diagnoses of underlying diseases, allowing the 
possibility of earlier treatment, especially when this can avoid further systemic and ocular 
complications of the disease concerned. 
SUBJECTS AND METHODS 
Patients with congenital or developmental abnormalities of the ocular lenses which occurred 
before the age of 40 were chosen for the study. Patients with unilateral traumatic cataracts were 
excluded from the study. All patients had ophthalmic examinations at the Institute of 
Ophthalmology in the University Hospital Nijmegen during the period 1974-1996. Many of 
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them were also investigated in other departments of the University Hospital Nijmegen The 
clinical anomalies of the lens regarding its transparency (cataract), position (ectopia lentis), 
absence (aphakia), or shape (coloboma lentis, lenticonus, microspherophakia), were noted for 
all patients, together with a documentation of other ocular and systemic manifestations The 
various disorders and the lens pathology were systematically classified (Fig 1) 
Genetic disorders Non-genetic disorders 
Chromosomal disorders 
Metabolic diseases 
Other hereditary syndromes 
Other sporadic syndromes 
(Intra-utenne) infection 
Drug exposure 
Radiation 
(Ocular) trauma, 
inflammation or neoplasm 
Figure 1. Schematic presentation of possible causes of lens disorders 
The abnormal lens conditions (Chapter 2) were studied by slit-lamp biomicroscopy 
Photography of abnormal lenses was performed when findings were unusual [Aandekerk & 
Cruysberg, 1987] The patients also had ocular (Chapter 3) and if appropriate, general medical 
examinations (Chapter 4), in order to determine whether the abnormality of the lens was (a) a 
disorder limited to the lens, (b) part of an ocular disorder (malformation syndrome or disease), 
or (c) part of a (multi)system disorder (e g , mainly neurological, dermatological, etc ) The 
family history was taken, and if possible, other family members were examined, in order to 
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determine if the abnormal lens was due to: (A) a genetic disorder (e.g., chromosomal disorder, 
metabolic disease, other hereditary syndrome, or other sporadic syndrome); or (B) a non-
genetic disorder (e.g., intrauterine infection, irradiation, drug exposure, or secondary to ocular 
trauma, inflammation, or tumour). 
Clinical data were stored in a computer data base. A grading system was used for the 
uniform registration of ectopia lentis (Chapter 16). Patients with and without systemic 
diagnoses were compared for similarities in order to find key points to aid diagnosis and 
differential diagnosis of underlying systemic diseases. Various points have been elucidated in 
separate studies that describe the patients and methods in more detail. In general, special 
emphasis was placed on those lens anomalies which (either separately or in combination with 
ocular or systemic manifestations) should normally raise suspicion of a hereditary disorder or 
metabolic disease. 
RESULTS 
Of 752 patients with early onset bilateral cataract, 379 (50.4%) were male and 373 (49.6%) 
were female. In 347 (46.3%) patients the cause of the cataracts was diagnosed, whereas in 403 
(53.7%) patients no specific cause could be identified in June, 1996. Of the 347 patients with 
an established diagnosis for the cause of cataract, the majority (85%) of patients suffered from a 
genetic disorder, including 69 (23%) patients with metabolic disease Of the identified 
metabolic diseases, the congenital cataract-cardiomyopathy syndrome (Chapters 5 and 6) was 
the predominant cause of congenital cataract, and cerebrotendinous xanthomatosis was the 
major cause of juvenile cataract (Chapters 7 and 8). Of the 752 patients with early onset 
cataract, 250 had associated neurological features. The diagnoses that were made in this last 
category, defined as neuro-cataracl syndromes, are reported separately (Chapter 15). 
Of 400 patients with ectopia lentis (bilateral or unilateral), 228 (57%) were male and 175 
(43%) were female. In 342 (85.5%) patients, the cause of the ectopia lentis was diagnosed, 
whereas in 58 (14 5%) patients no specific cause could be identified to date (June, 1996). Of 
the 342 patients with an established cause for ectopia lentis, 273 (80%) patients suffered from 
genetic disorders, including 160 (47%) patients with the Marfan syndrome, 45 (13%) with the 
ectopia lentis et pupillae syndrome and 30 (9%) with homocyslinuna. Of the identified 
metabolic diseases, patients with homocystinuna were the largest subgroup (Chapters 9, 10, 
and 11). Unusual observations were the occurrence of the ectopia lentis et pupillae syndrome in 
three generations (Chapter 12) and the association of ectopia lentis and craniosynostosis in 
monozygotic twin sisters (Chapter 13). The most common diagnosis in patients with ectopia 
lentis was Marian's syndrome (Chapter 14). 
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D I S C U S S I O N 
It was the purpose of this study to establish the disorders and diseases which were responsible 
for early onset lens abnormalities in a large senes of patients. Furthermore an attempt was made 
to find clinical characteristics of the crystalline lens, either separately or in combination with 
ocular or systemic manifestations, that could help in the early diagnosis of underlying disorders 
or causative hereditary metabolic diseases. During the present study it was possible to attain a 
marked reduction in the percentage of patients with cataract of unknown on gin. While in 1985 
the aetiologic diagnosis of cataract was unknown, incorrect or incomplete in 75% of our cases 
[Heitbnnk et al., 1985], this percentage was reduced to 56% in 1996. However, in the same 
period, the number of our early onset cataract patients increased from 93 to 752. Therefore, the 
total number of patients with early onset cataracts of unknown on gin is still very high and this 
needs further study. Only in a selected group of cataract patients, those with early onset cataract 
and neurological manifestations, was it possible to diagnose the cause in the majority of cases 
[Chapter 15]. A list of neuro-cataract syndromes could be helpful in the clinical work-up of 
such a patient [Chapter 15]. 
In the present study, it is shown that homocystinuna, a well-known and most important 
metabolic disease associated with ectopia lentis, is diagnosed in most cases only at a late stage 
when serious complications have already occurred [Chapter 9]. We state that the delay in the 
diagnosis of homocystinuna is preventable by better attention to ocular signs such as myopia 
(ι e , its lenticular origin) and ectopia lentis (infenorly, nasally, anteriorly, or posteriorly). 
Recognition of "myopia plus" as a clinical sign of homocystinuna, and adequate biochemical 
examination of serum homocysteine in all non-dommantly inherited ectopia lentis patients, 
makes an early diagnosis possible Furthermore, asymptomatic siblings of homocystinuna 
patients should have adequate biochemical examinations. It is remarkable that even recent 
publications desenbe patients with classical signs of homocystinuna without making sure that 
this metabolic disease has been excluded [Greven et al., 1995; Cullom et al.. 1995]. 
Knowledge of detailed ocular manifestations of homocystinuna will help in the diagnosis and 
differential diagnosis of patients with ectopia lentis. It has been established that all ocular 
complications of homocystinuna, i.e., cataract, glaucoma, retinal detachment, and blindness, 
have their on gin in the presence of ectopia lenüs [Chapter 10] Homocystinuna patients without 
ectopia lentis do not show any of these ocular complications. This highlights the importance of 
the observation that homocysteinaemia-lowenng treatment may prevent the development of both 
myopia and ectopia lentis in classical homocystinuna [Chapter 11]. 
There are other lens disorders of which the aetiology is rarely diagnosed because clinicians 
are not familiar with the disease. Cerebrotendinous xanthomatosis is such a metabolic disorder. 
Unfortunately, the disease den ves its name from the late manifestations of the disease, i.e., 
development of xanthomas in the tendons and brain. We established the importance of chronic 
diarrhoea and juvenile cataract as manifestations of the disease in childhood [Cruysberg et al., 
1991]. Thus, we believe that recognition of the juvenile cataract-diarrhoea syndrome enables 
the diagnosis of cerebrotendinous xanthomatosis at an early age. This clinical diagnosis should 
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be confirmed biochemically with measurement of bile alcohols in unne and cholestanol in 
serum. We presented a series of 16 cases of cerebrotendinous xanthomatosis with a detailed 
description of the ocular manifestations [Cruysberg et al., 1995]. Six patients were diagnosed 
only after the author's ophthalmologic evaluation and workup. The condition should be brought 
to the attention of all ophthalmologists who deal with paediatnc or early-onset adult cataracts, 
especially since treatment is available. 
Congenital cataracts are a common feature of the congenital cataract-cardiomyopathy 
syndrome, characterised by congenital cataract, hypertrophic cardiomyopathy, mitochondrial 
myopathy of voluntary muscles, and exercise related lactic acidosis [Cruysberg et al., 1986]. 
Other ocular features that may be present are juvenile aphakia, nystagmus and strabismus. Our 
detailed report of 12 patients may result in greater awareness of the congenital cataract-
cardiomyopathy syndrome, but it is still a rare disorder and frequently remains unrecognised as 
a cause of bilateral congenital cataract. This hereditary syndrome can be confused with the 
congenital rubella syndrome because both diseases have congenital ocular and cardiac 
anomalies in common [Cruysberg, 1987]. However, except for the characteristic clinical, 
histological and biochemical manifestations, the absence of both microphthalmos and cardiac 
malformations in the hereditary disease are clues in the differential diagnosis. 
In order to improve the early diagnosis of Marian's syndrome, we studied the diagnostic 
value of the measurement of the anterior corneal curvature radius (ACCR). The diagnostic value 
of ACCR for making the diagnosis of Marian's syndrome was found to be better than the well-
known sign of ectopia lentis, and also better than the finding of aortic root dilatation (Chapter 
14) However, the recently revised diagnostic entena for the Marfan syndrome provide no 
numencal values of the corneal curvature radius that should be considered as abnormal [De 
Paepe, et al., 1996]. 
The main reasons for the misdiagnosis of patients with lens disorders are 1 failure to notice 
significant lens signs and associated ocular manifestations, 2. failure to consider a possible 
relationship between the lens signs and systemic abnormalities; 3. confusion between genetic 
and non-genetic causes; 4 confusion between metabolic and non-metabolic disorders; 5. 
inadequate biochemical testing; and 6. inadequate examination of close relatives, such as 
siblings and parents. 
When lens opacities are diagnosed in a child, it is possible that these are only considered as 
irrelevant ocular findings, and not as possible signs of a progressive metabolic disease. Even if 
other systemic manifestations are present, this relationship between lens, eye, and other system 
manifestations is often not suspected by clinicians of separate disciplines. 
Furthermore, clinical manifestations of genetic and non-genetic (environmental) disorders 
may be very similar. Congenital hereditary syndromes may be misdiagnosed as congenital virus 
embryopathy (e.g., congenital cataract-cardiomyopathy syndrome versus congenital rubella 
syndrome) [Cruysberg, 1987], which may result in an incorrect genetic counselling. Later 
acquired metabolic ocular anomalies may be attnbuted wrongly to drug exposure (e.g , comea 
verticillata in X-linked Fabry's disease as due to amiodarone), or, when there is marked 
asymmetry in presentation, to a doubtful ocular trauma (e.g , ectopia lentis in homocystinuna). 
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A metabolic hereditary disease may easily be confused with a non-metabolic disease because of 
similar clinical manifestations (e g , homocystinuna versus Marfan's syndrome [Boers et al., 
1984]), or cerebrotendinous xanthomatosis versus multiple sclerosis [Cruysberg et al , 1995], 
with the result that the patient does not receive the correct treatment. Another problem is that, in 
some lens syndromes, routine biochemical investigation may be completely normal, and that 
very specialised biochemical studies are required for establishing the diagnosis (e.g , 
cerebrotendinous xanthomatosis) [Cruysberg et al., 1995]. 
There are probably hundreds of different diseases, syndromes, or factors that are associated 
with abnormalities of the ocular lens at an early age. These abnormalities of the lens include 
mainly cataract and ectopia lentis. Although there are countless biochemical, histological and 
epidemiological studies in the field of cataract research, the precise mechanisms that explain 
cataract formation in the various clinical disorders are still virtually unknown [Schmitt & 
Hockwin, 1990] Cataract means that the histological architecture of the lens fibre cells is not of 
the high quality that is necessary for transparency of the lens Cataract may result from 
formation of abnormal lens fibre cells, or damage to normally formed cells Various 
components of the lens cell may be involved in the disease process. The major components of 
the lens cell include: the lens cell proteins (cryslallins), the lens cell membrane (lipids), and the 
lens cytoskeleton (i.e., the microtubules, intermediate filaments, and microfilaments) 
[Bloemendal, 1991]. In all probability, one or more of these major components must be 
damaged in any of the various clinical disorders that result in cataract It is suggested by 
Bloemendal that the insolubility of crystallins, damage to membranes and cytoskeleton, or any 
distorted pathway of metabolism (also in environmental causes of cataract, by e g , radiation, 
free radicals, chemicals, sugars, etc.) may be only secondary effects due to damage at the level 
of the DNA in the monolayer of lenticular epithelial cells [Bloemendal, 1991] It is also believed 
that changes in the composition of the supporting aqueous humour lead to lens changes in a 
variety of metabolic disorders [Schmitt & Hockwin 1990]. 
The causes of lens dislocation are also multiple Maldevelopment of the zonular fibres is 
associated with congenital colobomas of the eye. Mechanical force explains the occurrence of 
ectopia lentis after ocular trauma and ocular surgery. A metabolic cause is likely in the three 
hereditary systemic disorders associated with ectopia lentis that can be diagnosed biochemically, 
homocystinuna, sulphite oxidase deficiency, and hyperlysinaemia. In homocystinuna, the 
ocular zonular fibres composed of non-collagenous glycoproteins, with their high content of 
cysteine [Streeten et al., 1983], are postulated to disrupt due to a lack of cystine disulphide 
bonds between the glycoproteins [Spaeth & Barber, 1966, Amott & Greaves, 1964], and 
because of disjunction of the cystine disulphide bonds after disulphide exchange with 
homocysteine [Ігте егте et al, 1967]. The role of lysine metabolism in the zonules is incomplete 
understood. Therefore, the pathogenesis of ectopia lentis in hyperlysinaemia is unknown 
Marfan patients, even with marked dislocation of the lens, can be observed to have good 
numbers of zonules even in the area of dislocation This finding corresponds to the surgical 
observation that the zonular fibres do not break readily if a subluxated lens in a Marfan patient 
has to be removed. Chemical studies have shown no evidence of collagen in the zonules 
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[Streeten et al., 1983]. Relatively specific immunohistological abnormalities of the 
microfibnllar-fibre system play a role in the pathogenesis of Marfan's syndrome [Hollister et 
al., 1990]. Seland [Seland, 1973] described the changes in the zonular fibres of a patient with 
ectopia lentis simplex. Although the ultrastructure of the lens capsule was normal, it was 
completely devoid of zonular fibres in most areas. The remaining capsular attachments were 
underdeveloped. Famsworth and co-workers examined the lens of a patient who presumably 
had an identical diagnosis, and found similar zonular abnormalities [Famsworth et al., 1977]. 
However, they also found a reduction of the lens fibres to 20% of their normal cross-sectional 
area. Histological examination of lenses removed from patients with genetic late subluxation of 
the lens suggested a dysplastic development of lens zonules [Malbran et al., 1989]. 
The differential diagnosis of cataract is so extensive that it is almost impossible to find the 
cause of unexplained cataract without a strictly structured system Using a classification system 
for disorders of the lens, such as we propose in Fig 1, it is possible to improve the diagnostic 
search in a systematic way What lens pathology (Chapter 2) do we find? Is the disorder limited 
to the lens? Is there associated pathology of the eyes (Chapter 3)9 Is there associated systemic 
pathology? Is the cause genetic or non-genetic, metabolic (Chapter 4) or non-metabolic9 What 
is the possible mode of inheritance? What is the most probable clinical differential diagnosis9 If 
the answers to these questions in a particular patient can point to, for example, a progressive 
juvenile иемго-cataract syndrome with possibly autosomal recessive inheritance, this will 
reduce the differential diagnosis significantly [Cruysberg & Renier] In a limited number of 
neuro-\ens syndromes it is possible to deduce the most probable aetiologic diagnosis from one 
single characteristic key symptom. For example, neuro-cataract syndrome with chronic 
diarrhoea suggests cerebrotendmous xanthomatosis; иекго-cataract syndrome with corneal 
Kayser-Fleischer ring occurs in Wilson's disease; яемго-cataract syndrome with cornea 
verticillata indicates Fabry's disease; яемго-cataract syndrome with macular glistening dots 
occurs in Sjogren-Larsson syndrome, and иеиго-cataract syndrome with macular cherry red 
spot is found in sialidosis. In patients with ectopia lentis, the disorders that should always be 
excluded are Marfan's syndrome, homocystinuna and ectopia lentis et pupillae syndrome 
[Cruysberg & Pinckers 1995]. If these disorders are excluded by appropriate clinical and 
laboratory studies, other rare syndromes may be found. The uniform registration of ectopia 
lentis as proposed in Chapter 16 may be helpful in further ectopia lentis studies. 
Abnormalities of the crystalline lens can be provoked by an endless list of agents and 
conditions. However, of the patients with a known cause of their bilateral early-onset cataracts 
or ectopia lentis, the majority have a genetic origin. These are mostly hereditary disorders, and 
include the metabolic diseases. Clinical examination of the crystalline lens may help in 
diagnosing these disorders at an early age and allow early initiation of treatment 
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Chapter 18 Summary 
SUMMARY 
The studies which have been described in this thesis have been used to illustrate the important 
role that clinical examination of the human lens plays in the early detection of hereditary 
diseases, particularly the metabolic group of diseases 
In chapter 1, the aims of these studies were elaborated and reasons given for why the ocular 
lens is considered suitable for achieving this purpose 
The lens can show a number of characteristics which can be useful in the diagnosis of 
underlying systemic diseases (chapter 2) These include different sorts of lens opacity (cataract) 
and subluxation or luxaüon of the lens (ectopia lentis) To interpret the lens changes in context, 
the associated ophthalmic findings must also be considered (chapter 3) Similarly, systemic 
associations must be considered that may be genetic or metabolic in on gin This is illustrated by 
chapter 4 
Twelve patients are described in chapter 5 with an hereditary disease that causes congenital 
cataract, hypertrophic cardiomyopathy, mitochondrial myopathy of the voluntary muscles, and 
exercise-induced lactic acidosis Most of these patients had dense bilateral cataracts within the 
first weeks of life and required cataract operations in their first years, often dying of heart 
disease at an early age 
Chapter 6 describes that the genetic syndrome described in chapter 5, with eye and heart 
defects, could mistakenly be assumed to be a result of congenital rubella (German measles 
infection) by those not familiar with the syndrome 
In trying to find a common link between chronic diarrhoea and juvenile cataract in three 
children, a common cause was found in the hereditary disease cerebrotendinous xanthomatosis 
(chapter 7) It was concluded that "juvenile cataract and chronic diarrhoea syndrome" is 
probably the earliest sign of cerebrotendinous xanthomatosis, and that carrying out unnary gas 
chromatography in such cases can lead to an earlier diagnosis and better prognosis for children 
with this debilitating disease 
In chapter 8, the ophthalmic and systemic signs of cerebrotendinous xanthomatosis are 
described in 16 patients, with the aim diagnosing the disease at an earlier age using the earliest 
manifestations of the disease In the first 10 patients, the diagnosis was only made at an average 
age of 40 years when senous mental and neurological disease had already set in In the second 
group of 6 patients (who were traced over a period of 12 months), thorough ophthalmic 
investigation and examination of family members, allowed diagnosis to be made at the 
considerably earlier average age of 18 years The most important conclusion is that directed 
investigation (targeted) for cerebrotendinous xanthomatosis must be earned out in all patients 
with juvenile cataract or early cataract in adults, especially whenever cataract is associated with 
chronic diarrhoea since childhood, and mental retardation (developmental delay) or 
deterioration, neurological disturbances (such as pyramidal and cerebellar signs, or 
polyneuropathy), or with xanthomas in the tendons 
Chapter 9 discusses the diagnosis of homocystinuna, which is still often missed This is a 
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treatable condition The fact that it is missed by doctors is due to its wide variety of presenting 
symptoms and signs to specialists of different disciplines We investigated why the diagnosis 
had been missed in 34 consecutive patients where we had been able to make the diagnosis The 
results showed that most patients were only diagnosed as adults after senous complications had 
occurred and that the average period between the first characteristic symptoms of the disease 
and the diagnosis of homocystinuna was 11 years In the cases with senous complications of 
the disease, these were nearly always preceded by the occurrence of myopia This short-
sightedness was caused by lens subluxation and was fairly unusual because of its occurrence in 
childhood and its progression to high levels The conclusion was that homocystinuna could be 
diagnosed much sooner if the correct blood tests were earned out in patients with unusually 
severe myopia or lens luxation, especially when there are also associated skeletal, vascular or 
neurological abnormalities 
In chapter 10, the ophthalmic manifestations of classical homocystinuna were investigated in 
34 patients This was done to clanfy the disease picture so that homocystinuna could be more 
easily differentiated from other causes of ectopia lentis At the same time, the nsk factors 
responsible for the causes of the ophthalmic associations with homocystinuna were 
investigated All the important complications of the disease, such as high myopia, loss of 
binocular vision, dense cataract, acute glaucoma, retinal detachment, and blindness, turned out 
to occur only after lens luxation had already occurred Prevention of lens luxation appeared, 
therefore, to be a way of preventing the ocular complicaüons of homocystinuna 
In chapter 11, the effect of homocysteine lowenng therapy (with pyndoxine, folic acid and 
betaine) was investigated in classical homocystinuna The average treatment period was 12 
years It was concluded from the investigation that both myopia and lens luxation could be 
avoided by starting homocysteine-lowenng therapy at an early age 
Chapter 12 desenbes an investigation of the ectopia lentis el pupillae syndrome Because ol 
the autosomal recessive inhentance of the syndrome, a metabolic disturbance was sought for 
this ocular condition However, no metabolic disturbance could be found We were, however, 
somewhat surpnsed by the occurrence of the syndrome in three generations of one family This 
suggests that the condition is actually inherited autosomal dominantly with reduced penetrance 
In chapter 13 the combination of ectopia lentis associated with the cranial condition 
craniosynostosis is described in identical twins Until now, this combination of defects has 
only been found in sporadic cases 
Ectopia lentis was also discussed in reference to Marfan's syndrome, the most common 
systemic disease responsible for lens subluxation, but ectopia lentis does not occur in all cases 
of Marfan disease It was thus felt that further ocular parameters would be helpful in the 
diagnosis of Marfan syndrome In chapter 14, a report is found detailing the investigation of 
corneal curvature in Marfan patients The results, expressed as the ACCR (antenor corneal 
curvature radius) for each patient, indicate that this is helpful in calculating the nsk of aortic root 
dilatation in Marfan patients of all ages, or in patients suspected of having Marian's syndrome 
Measurement of the ACCR can offer an important contnbution to the management of Marian's 
syndrome, offenng more information than can be deduced from lens subluxation, especially in 
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those where lens subluxation has not already occurred. 
One of the diagnostic possibilities when tackling the problem of a "cataract of unknown 
origin" is to look for the predominating associated systemic defects (e.g , skin or neurological 
problems). When neurological defects are predominant, one could describe the problem as a 
"neuro-cataract syndrome" which serves to limit the differential diagnosis for the cataract 
concerned. In chapter 15, the causes of cataract in early-onset cataract (< 40 years of age) in 
250 patients with associated neurological problems was investigated There is much more to be 
learned about the causes of cataract by this systematic approach to neuro-cataract syndromes. 
Should cataract occur in patients with neurological signs, the conditions mentioned in this 
chapter should be considered in the differential diagnosis When making the diagnosis, the 
whole clinical picture, the form of inheritance, and the age of the patient need to be considered 
before embarking on and selecting appropriate laboratory investigations 
When it comes to the differential diagnosis of ectopia lentis of unknown on gin, it is helpful 
to describe and quantify the extent of lens dislocation A grading system was developed for the 
uniform registration of patients with ectopia lentis (chapter 16) The proposed ectopia lentis 
code (EL code) could be used to compile a data base of patients with lens dislocations in order 
to analyse them for the most likely cause of dislocation when new patients are detected. Use of 
the EL code provides some quantification parameters for future study of ectopia lentis 
In chapter 17, the total patient population which was used in these studies was summarised 
The results demonstrate that lens disorders are often a sign of underlying systemic, hereditary, 
or metabolic disease. The percentage of our patients with an uncxplainable lens disorder has 
been considerably reduced during the period of these studies. However, because of the large 
increase in the number of cases with lens abnormalities, the actual total of patients with lens 
disorders of unknown origin is still large. There thus remains d need for much continuing 
research and analysis of the "mirror of the soul." 
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SAMENVATTING 
De studies welke in dit proefschrift worden beschreven hebben als doel op te helderen welke rol 
klinisch onderzoek van de menselijke ooglens (de kristallens) kan spelen bij de vroegtijdige 
opsporing van erfelijke ziekten, in het bijzonder erfelijke stofwisselingsziekten 
In hoofdstuk 1 wordt het doel van de studie beschreven en worden redenen genoemd waarom 
onderzoek van de ooglens geschikt wordt geacht om dit doel te bereiken 
De ooglens kan een groot aantal kenmerken tonen die voor de diagnostiek van onderliggende 
algemene ziekten van belang kunnen zijn (hoofdstuk 2), zoals o a vele soorten lenstroebeling 
(cataract) en losraken of verplaatsing van de ooglens (ectopia lentis) Bij de interpretatie van 
deze lensafwijkingen moeten de overige oogheelkundige bevindingen betrokken worden 
(hoofdstuk 3), evenals afwijkingen van algemene aard, zoals kenmerken van erfelijke 
stofwisselingsziekten (hoofdstuk 4) 
In hoofdstuk 5 worden 12 patiënten beschreven met een erfelijk syndroom dat gekenmerkt 
wordt door congenitaal cataract, hypertrofische cardiomyopathie, mitochondriale myopathie van 
de dwarsgestreepte spieren en inspanningsafhankelijke melkzuuracidose De meesten van deze 
patiënten toonden beiderzijds een zeer dicht cataract in de eerste levensweken, ondergingen 
staaroperaties in het eerste levensjaar, en overleden op jonge leeftijd aan de hartafwijking 
Hoofdstuk 6 beschrijft dat het erfelijke syndroom uit hoofdstuk 5 foutief gediagnostiseerd 
kan worden als "aangeboren rode hond"-syndroom, als gevolg van het samen optreden van 
aangeboren oog- en hartafwijkingen 
Zoekend naar een verklaring voor het gecombineerd voorkomen van juveniel cataract en 
chronische diarree bij dne kinderen werd de erfelijke stofwisselingsziekte cerebrotendineuze 
Xanthomatose gevonden (hoofdstuk 7) We concludeerden dat "het juveniele cataract en 
chronische diarree syndroom" waarschijnlijk de vroegste klinische manifestatie van cerebro-
tendineuze Xanthomatose is en dat uitvoering van unne-gaschromatografie in dergelijke gevallen 
tot een vroegere diagnose en een betere prognose van deze invaliderende ziekte kan leiden 
In hoofdstuk 8 worden de belangrijkste oogheelkundige en systemische manifestaties van 
cerebrotendineuze Xanthomatose onderzocht bij 16 patiënten met het doel de diagnose van deze 
ziekte eerder te kunnen stellen Bij de eerste 10 patiënten was de diagnose pas op een 
gemiddelde leeftijd van 40 jaar gesteld, meestal nadat reeds ernstige neurologische en mentale 
aftakeling was opgetreden Bij een tweede groep van 6 patiënten, welke in een termijn van 12 
maanden werd opgespoord op basis van oogheelkundig onderzoek en onderzoek van familie-
leden, kon de diagnose aanzienlijk eerder worden gesteld, namelijk op een gemiddelde leeftijd 
van 18 jaar De belangrijkste conclusie is dat gericht onderzoek naar cerebrotendineuze 
Xanthomatose moet worden verricht bij alle patiënten met juveniel cataract of vroegtijdig cataract 
bij volwassenen, vooral wanneer dit cataract samengaat met chronische diarree sinds de 
kinderjaren, mentale retardatie of achteruitgang, neurologische functiestoornissen (piramide-
baanverschijnselen, cerebellare afwijkingen of Polyneuropathie) of Xanthomen van de pezen 
Hoofdstuk 9 toont aan dat ook bij klassieke homocystinune de diagnose nog vaak wordt 
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gemist Homocystinune is een behandelbare aandoening De diagnose van deze stofwisselings-
ziekte wordt vaak gemist als gevolg van de grote variatie in symptomen waarmee deze ziekte 
zich presenteert aan artsen van diverse disciplines Wij onderzochten de redenen voor missen 
van de diagnose bij 34 opeenvolgende patiënten waarbij de diagnose door ons gesteld kon 
worden De resultaten tonen aan dat de meeste patiënten pas op volwassen leeftijd werden 
gediagnostiseerd nadat serieuze complicaties waren opgetreden en dat het gemiddelde interval 
tussen de eerste karakteristieke symptomen van de ziekte en het vaststellen van de diagnose 11 
jaar bedroeg In gevallen met serieuze complicaties van homocystinune werden deze 
complicaties vrijwel altijd voorafgegaan door de ontstaan van myopie Deze myopie werd 
veroorzaakt door ectopia lentis en was tamelijk ongebruikelijk wegens het ontslaan op 
kinderleeftijd of de abnormale toename lot hoge waarden Wij concludeerden dal homo-
cyslinune aanzienlijk eerder gediagnostiseerd kan worden wanneer de juiste bloedonderzoeken 
worden uitgevoerd bij patiënten met ongebruikelijke myopie of ectopia lentis, vooral wanneer er 
tevens sprake is van afwijkingen van het skelet, hel vaalslelsel of centrale zenuwstelsel 
In hoofdstuk 10 worden de oogheelkundige manifestaties van klassieke homocystinune 
onderzocht bij 34 patiënten Dit werd gedaan om het ziektebeeld klinisch beter herkenbaar te 
maken en om het beter te kunnen differentieren van andere aandoeningen met ectopia lentis 
Tevens is gezocht naar de risicofactoren welke verantwoordelijk zijn voor de diverse 
oogheelkundige complicaties van dit ziektebeeld Alle belangrijke complicaties, zoals zeer hoge 
myopie, strabismus, dicht cataract, acuut glaucoom, nelvhesloslating, en blijvend visusverlies, 
bleken uitsluitend op te treden als er ectopia lentis was ontstaan Preventie van ectopia lentis zou 
daarom oogcomplicalies van homocystinune kunnen voorkomen 
In hoofdstuk 11 werd het effect van homocysteine-verlagende therapie (met pyridoxine, 
foliumzuur en betaine) onderzocht bij patiënten met klassieke homocystinune De behandelings-
penode bedroeg gemiddeld 12 jaar De conclusie van dit onderzoek luidde dat zowel hel 
ontstaan van myopie als ectopia lentis te voorkomen is bij vroege start van de therapie 
Hoofdstuk 12 beschnjft onderzoek van het ectopia lentis el pupillae syndroom Aanvankelijk 
werd gezocht naar een metabool substraat van deze aandoening vanwege de aulosomaal 
recessieve overerving waarmee deze oogaandoening bekend stond Er werd geen metabool 
substraat gevonden, maar wel werd de verrassende bevinding gedaan dat de aandoening 
voorkwam in drie generaties van één familie Dit gaf argumenten voor een autosomaal 
dominante overerving met verminderde penetrance 
Hoofdstuk 13 beschrijft het gecombineerd voorkomen van lensluxatie met de schedel-
af wij king craniosynostose bij een identieke tweeling Tot nu toe was deze combinatie van 
afwijkingen slechts beschreven in een paar sporadische gevallen 
Het syndroom van Marfan is de meest voorkomende lichaamsziekte die gepaard gaat met 
ectopia lentis Ectopia lentis komt echter met voor in alle gevallen Daarom is er behoefte aan 
andere oogheelkundige parameters die mee kunnen helpen bij het stellen van de diagnose van 
het syndroom van Marfan In hoofdstuk 14 wordt verslag gedaan van onderzoek naar de 
diagnostische waarde van de kromming van hel hoornvlies bij Marfan-patienten De 
getalswaarde van deze hoomvlieskromming, uitgedrukt in "anterior corneal curvature radius 
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(ACCR)" blijkt geschikt te zijn om een verhoogd nsico op verwijding van de aortawortel op te 
sporen bij patiënten van alle leeftijden die om enerlei reden verdacht worden van het syndroom 
van Marfan. Het meten van de ACCR kan een belangrijke bijdrage leveren bij de diagnostiek 
van het syndroom van Marfan, als toegevoegde informatie bij reeds aanwezige ectopia lentis, 
maar vooral als er nog geen ectopia lentis is opgetreden 
Eén van de mogelijkheden om cataract e causa ignota nader te omschrijven is na te gaan met 
welke soort andere lichaamsafwijkingen (b.v. huidafwijkingen, neurologische afwijkingen, 
etc.) het cataract gepaard gaat Bij aanwezigheid van neurologische afwijkingen zou men 
kunnen spreken over een ne uro-cataract syndroom e.c.i., hetgeen een veel kleinere 
differentiaal-diagnose oplevert dan cataract e.c ι In hoofdstuk 15 onderzochten wij de oorzaken 
van vroegtijdig (leeftijd <40 jaar) cataract bij 250 patiënten die tevens neurologische afwijkingen 
hadden We stellen ons voor dat meer kennis over de oorzaken van deze gecombineerde 
pathologie de diagnostiek van patiënten met neuro-cataract syndromen kan verbeteren Bij het 
gecombineerd voorkomen van cataract en neurologische verschijnselen is het zinvol de in dit 
hoofdstuk genoemde ziektebeelden in de differentiaal-diagnose te betrekken Voor het stellen 
van de diagnose moet rekening worden gehouden met het klinische beeld, de overervingsvorm, 
en de leeftijd van de patient, alvorens de meest geschikte laboratoriumonderzoeken te 
selecteren. 
Eén van de mogelijkheden om ectopia lentis e causa ignota nader te omschrijven is de 
lensluxatie precies te omschrijven en in maat en getal uit te drukken Voor dit doel werd een 
gradaliesysleem ontwikkeld dat voor de uniforme registratie van patiënten met ectopia lentis 
gebruikt kan worden (Hoofdstuk 16). De voorgestelde ectopia lentis code (EL-code) kan 
gebruikt worden in een gegevensbestand om de meest waarschijnlijke oorzaak van ectopia lentis 
bij een nieuwe patient op het spoor te komen. Tevens verschaft de EL-code een semi-
kwantitatieve parameter ten behoeve van EL-studies 
In hoofdstuk 17 wordt de totale patientenpopulatie beschreven waaruit de patiënten uit 
bovenstaande deelstudies zijn gerecruteerd. De resultaten laten zien dal afwijkingen van de 
ooglens vaak een weerspiegeling zijn van onderliggende erfelijke ziekten, en in het bijzonder 
van erfelijke stofwisselingsziekten Het percentage patiënten met onverklaarbare lens-
afwijkingen kon in de loop van de studie aanzienlijk worden verkleind Door de groei van het 
aantal patiënten met lensafwijkingen is het absolute aantal onverklaarbare lensafwijkingen nog 
zeer groot, zodat er ook in de toekomst nog veel onderzoek op dit gebied nodig is. 
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behorende bij het proef sehn ft 
THE CRYSTALLINE LENS 
AS A REFLECTION OF HEREDITARY AND METABOLIC DISEASE 
J. R. M. Cruysberg 
1. Het oogheelkundig onderzoek biedl unieke mogelijkheden om erfelijke stofwisselings-
ziekten vroegtijdig op het spoor te komen 
- dit proefschrift 
2. Kinderen die in de perinatale periode overlijden aan een hartafwijking dienen onderzocht 
te worden op het bestaan van congenitaal cataract. 
- dit proefschrift 
3. Het congenitale cataract en cardiomyopathy syndroom moet met name gezocht worden bij 
jonge patiënten met hartafwijking, aphakic, nystagmus en strabismus. 
- dit proefschrift 
4. Bij het "one-and-a-half syndrome" van ectopia lentis is hernieuwde evaluatie naar het 
bestaan \an homocyslinune dringend geïndiceerd indien voor het bestaan van ectopia 
lentis geen afdoende verklaring is te geven 
- dit proefschrift 
5. Homocystinune moet beschouwd worden als een ncuro-ophlhalmologische aandoening. 
- dit proefschrift 
6. Myopie is meer dan een refractie-al wijking die met ncgalic\c glazen gecorrigeerd kan 
worden. 
- dit proefschrift 
7. Patienten met dubbelzijdig cataract voor het 40c levensjaar, die onder behandeling zijn van 
een neuroloog of psychiater, moeten onderzocht worden op hel bestaan van cerebro-
tendineuze Xanthomatose 
- dit proefschrift 
8. Juveniel cataract en chronische diarree vormen de slcutclsymptomcn van cerebro-
tendmeuze Xanthomatose op kindcrlccl tijd. 
- dit proefschrift 
9. Hoewel een bitemporale Hemianopsie kenmerkend is voor een ruimte-innemend proces 
nabij het chiasma opticum, kan de klassieke complete bitemporalc hemianopsie niet 
verklaard worden door compressie van het chiasma. 
- Neuro-ophthalmol 1982; 2:169-81 
10. Congenitale monoculaire adductieparalyse met syncrgistische divergentie kan gezien 
worden als de vierde variant van het syndroom van Duane. 
- Br J Ophthalmol 1989; 73:68-75 
11. "DON'T PANIC with ocular motor palsies" is een nuttige klinische regel en tevens een 
geheugensteun. 
- Lancet 1992; 340:1540 
12. Optologie is loptologie. 
13 Het voorstel om omwille van ruimtewinst medische dossiers te vernietigen als een patient 
een aantal jaren niet op het spreekuur is geweest getuigt van kortzichtigheid. 
14 De aanwezigheid van ouders in de operatiekamer bij het onder narcose brengen van hun 
kind brengt extra risico's mee voor het kind, de ouders, de anesthesist en de chirurg. 
15. De torticollis van "il sogno" van Picasso is niet van oculaire oorsprong. 
- New York, private collection 
16. Indien het systeem van budgettering een effectief instrument blijkt voor kostenbeheersing 
in de gezondheidszorg, zou men ook moeten proberen de Nederlandse zomers droger te 
knjgen door de verkoop van paraplu's aan banden te leggen 
Nijmegen, 13 december 1996 



